SUBSTITUTE SPECIFICATION 

A Method of Manufacturing a Semiconductor 
Device and a Senniconductor Device 

Technical Field 

The present invention relates to a method of manufacturing a 
semiconductor device and to semiconductor device technology in general, 
and, more particularly, the invention is directed to a technology that is 
5 applicable to a method of designing a semiconductor device. 

Background of the Invention 
A technology for designing a semiconductor device, which has been 
discussed by the present inventors, is related to a semiconductor device 

10 having at least one substrate bias circuit configured according to design data. 
There may be cases in which, while a circuit cell kept at a low threshold 
voltage exists in circuit cells of a semiconductor device to improve the 
operating speed, for example, a problem relating to leakage current arises 
due to such a reduction in threshold voltage, thereby leading to an increase in 

15 power consumption and a thermal runaway during testing. 

A substrate bias circuit is a circuit in which, when it is desired to 
suppress the leakage current in the circuit cell, a predetermined voltage is 
applied to a well in which the circuit cell is placed, thereby to increase the 
threshold voltage of the circuit cell, so as to suppress the leakage current; 

20 whereas, when the circuit cell is operated at high speed, the supply of voltage 
to the well is stopped, and the threshold voltage is lowered again, thereby 
realizing high-speed operation. A specific example of a substrate bias circuit 
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of a semiconductor device having a CMOS circuit will be considered. In this 
example, there is a first well, in which one transistor constituting the CMOS 
circuit is disposed, and a first power supply on the high potential side are 
connected to each other via a first switch transistor; whereas, a second well. 
5 in which the other transistor constituting the CMOS circuit is disposed, and a 
second power supply on the reference potential side are connected to each 
other via a second switch transistor. Upon testing the semiconductor device 
having such a configuration, the first and second switch transistors are turned 
off and a potential suitable for testing is supplied from the outside to thereby 

10 suppress thermal runaway caused by the leakage current. On the other 
hand, during the normal operation of the semiconductor device, the first and 
second transistors are turned off and the first and second wells are 
respectively connected to the first and second power supplies to thereby 
prevent variations in operating speed and a latch-up or the like. For example, 

15 see Japanese Unexamined Patent Application No. Hei 9(1997)-521 146 

(Application number of the priority: Japanese Unexamined Patent Application 
No. Hei 7(1 995)-31 5459, and International publication Number: 
PCT/W097/21247, pp. 15-20, Figs. 1 to 5). 

2 0 Summary of the Invention 

However, the present inventors have found the following problems 
regarding the design technology that is typically used for such a 
semiconductor device. 

That is, when another semiconductor device, that does not need to 
2 5 use substrate bias circuits partially or wholly, is designed, while adopting a 
semiconductor device that has substrate bias circuits in accordance with 
design data, there is a need to re-design the wiring layout in an extensive 
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area of the semiconductor chip or each circuit cell that does not need to use 
the substrate bias circuits in order to fix the substrate biases. Therefore, the 
time required to design the semiconductor device becomes long. In addition, 
since a drastic circuit modification is performed, each circuit of the 
5 semiconductor device must be re-evaluated after its design, and the time 
taken to evaluate it becomes long. As a result, the TAT (Turn Around Time) 
of the semiconductor device becomes long. 

An object of the present invention is to provide a technology that is 
capable of fixing substrate biases without taking a long time. 

10 The above, other objects and novel features of the present invention 

will become apparent from the description provided in the present 
Specification and from the accompanying drawings. 

A summary of a representative aspect of the invention disclosed in 
the present application will be explained in brief as follows: 

15 The present invention is provided wherein, when another 

semiconductor device, that does not need to use substrate bias circuits 
partially or wholly, is designed while adopting the design of a semiconductor 
device that has substrate bias circuits, some of the wirings are changed in 
such a manner that a switch, which is used for switching to determine whether 

2 0 substrate biases should be applied to circuit areas that need not use the 

substrate bias circuits, is made invalid, and power supply voltages are applied 
to circuit areas that need not use the substrate bias circuits. 

Brief Description of the Drawings 
2 5 Fig. 1 is a typical fragmentary plan view showing a semiconductor 

device discussed by the present inventors; 

Fig. 2 is a fragmentary plan view of one technique used in a method 
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of designing a semiconductor device as discussed by the present inventors; 

Fig. 3 is a typical fragmentary plan view depicting a semiconductor 
device illustrative of one embodiment of the present invention; 

Fig. 4 is an overall plan view showing one example of a 
5 semiconductor chip constituting the semiconductor device according to the 
one embodiment of the present invention; 

Fig. 5 is a fragmentary enlarged plan view of an area F shown in Fig. 

4; 

Fig. 6 is a plan view typically showing a semiconductor chip 
10 constituting a semiconductor device discussed by the present inventors; 

Fig. 7 is a plan view typically depicting a semiconductor chip 
constituting a semiconductor device illustrative of one embodiment of the 
present invention; 

Fig. 8 is a fragmentary plan view of the semiconductor device 
15 showing the one embodiment of the present invention; 

Fig. 9 is a fragmentary plan view of the semiconductor device 
illustrative of the one embodiment of the present invention; 

Fig. 10 is a cross-sectional view taken along line Y1 - Y1 of Fig. 9; 
Fig. 1 1 is a cross-sectional view taken along line Y2 - Y2 of Fig. 9; 
2 0 Fig. 12 is a cross-sectional view taken along line Y3 - Y3 of Fig. 9; 

Fig. 13 is a fragmentary plan view of the semiconductor device 
showing the one embodiment of the present invention; 

Fig. 14 is a fragmentary plan view typically showing a semiconductor 
device having an SRAM module according to another embodiment of the 
2 5 present invention; 

Fig. 15 is a circuit diagram depicting one example of a circuit 
configuration of a memory cell of the SRAM module shown in Fig. 14; 
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Fig. 16 is a block diagram typically showing an essential part of a 
semiconductor device illustrative of a further embodiment of the present 
invention; 

Fig. 17 is a diagram illustrating indexes used upon determining 
5 whether a substrate bias power supply is made valid or invalid; 

Fig. 18 is a block diagram typically showing a semiconductor device 
illustrative of a still further embodiment of the present invention; 

Fig. 19 is a fragmentary plan view of a semiconductor substrate 
illustrating a method of designing a semiconductor device, according to a still 
1 0 further embodiment of the present invention; 

Fig. 20 is a fragmentary plan view illustrating the method of 
designing the semiconductor device, according to the still further embodiment 
of the present invention; and 

Fig. 21 is a diagram typically showing a circuit configuration of a 
15 semiconductor device illustrative of a still further embodiment of the present 
invention. 

Detailed Description of the Preferred Embodiments 
Whenever circumstances require, or for the sake of convenience, the 

2 0 following embodiments may be described by dividing the subject matter into a 
plurality of sections or embodiments. However, unless otherwise specified in 
particular, the divisions are not irrelevant to one another. One division 
thereof has to do with modifications, details and supplementary explanations 
of some or all of the other. 

25 When reference is made to a number of elements or the like 

(including the number of pieces, numerical values, quantity, range, etc.) in 
connection with the following embodiments, the number thereof is not limited 
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to a specific number and may be greater than or less tlian or equal to the 
specific number, unless otherwise specified in particular and definitely limited 
to the specific number in principle. It is also needless to say that 
components (including an element or process steps, etc.) employed in the 
5 following embodiments are not always essential unless otherwise specified in 
particular and considered to be definitely essential in principle. 

Similarly, when reference is made to the shapes, positional relations 
and the like of components or the like in the following embodiments, they will 
include ones substantially analogous or similar to their shapes or the like 
10 unless otherwise specified in particular and considered not to be definitely so 
in principle, etc. This is similarly applied even to the above-described 
numerical values and range. 

Preferred embodiments of the present invention will be described in 
detail based on the accompanying drawings. Those elements having the 
15 same function in all of the drawings are respectively identified by the same 
reference numerals and their repetitive description will be omitted. 

In the present embodiments, a MIS-FET (including MOS-FET: Metal 
Oxide Semiconductor Field Effect Transistor as lower conception) shown as a 
field effect transistor is abbreviated as "MIS", a p channel type MIS*FRT is 
20 abbreviated as "pMIS" and an n channel type MIS-FET is abbreviated as 
"nMIS", respectively. 

(Embodiment 1 ) 

Fig. 1 typically shows a fragmentary plan view of a semiconductor 
device discussed by the present inventors. The figure shows, as an example, 
2 5 a semiconductor device in which substrate bias circuits are required. 

A plurality of circuit cells BC, wirings M1a through M1i and M2a 
through M2f, and a slave switch circuit cell (hereinafter called a switch circuit 



cell) SW are disposed over a main surface of a semiconductor substrate 
(hereinafter simply called a substrate) 1S. Circuit cells BC are cells, each of 
which constitutes an internal circuit of the semiconductor device. For 
convenience herein, a group of a plurality of the circuit cells BC arranged side 
5 by side along the horizontal direction (X direction: first direction) in Fig. 1 will 
be referred to as a circuit cell row. The circuit cell row is disposed over the 
main surface of the substrate 1 S in plural stages along the vertical direction (Y 
direction: second direction) in Fig, 1. A basic gate circuit like, for example, 
an inverter circuit INV or the like is formed in each circuit cell BC. The 

10 inverter circuit INV has a pMIS Qp and an nMIS Qn series-connected 

between wirings M1b and Mli. The pMIS Qp is disposed in an n well NW, 
and the nMIS Qn is disposed in a p well PW. 

The wirings (first wirings) M1a, M1b, M1i, M2c and M2d are power 
supply wirings for driving the internal circuits of the semiconductor device. 

15 The wirings M1b and M2d are power supply wirings for supplying a relatively 
high power supply potential Vdd, and the wirings Mia, M1i and M2c are 
power supply wirings for supplying a relatively low power supply potential 
(hereinafter called a reference voltage for distinction) Vss. The power supply 
potential Vdd is about 1 .5V, for example. Also the reference potential Vss is 

2 0 a ground potential corresponding to 0 (2ero)V, for example. The wirings M1a, 
M1 b and M1 i are formed in a first wiring layer. Here, portions extending 
along an X-direction wiring channel are illustrated as the wirings M1a, M1b 
and M1i. The wiring (M1b) for the supply of the power supply potential Vdd 
and the wirings (M1a and M1i) for the supply of the reference potential Vss 

2 5 are disposed above and below the circuit cell row so as to interpose the circuit 
cell row therebetween. The wirings M2c and M2d are formed in a second 
wiring layer. Here, portions extending along a Y-direction wiring channel are 
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illustrated as the wirings M2c and M2d, Further, the wirings M2c and M2d 
are disposed in a state where they intersect (orthogonal to) the wirings M1a, 
Mlband Mli. 

The wirings (third wirings) M2a and M2e are. respectively, power 
5 supply wirings for supplying substrate bias potentials Vbn and Vbp. The 
substrate bias potential Vbn is about 1 .5V. for example. The substrate bias 
potential Vbp is about 3V, for example. The wirings (second wirings) M2b 
and M2f are, respectively, signal wirings for supplying control signals Vbcn 
and Vbcp for controlling the turning on and off of switches of the switch circuit 

10 cell. The potential of the control signal Vbcn is about 1 .5V, for example, and 
the potential of the control signal Vbcp is about 0 (zero) V. for example. The 
wirings M2a, M2e, M2b and M2f are formed in a second wiring layer. Here, 
portions extending along the Y-direction wiring channel are illustrated as the 
wirings M2a, M2e, M2b and M2f. The wirings M2a. M2e, M2b and M2f are 

15 placed from side to side so as to interpose the wirings M2c and M2d 

therebetween. Incidentally, even though the wirings, at which the power 
supply potential Vdd, the reference potential Vss. the substrate bias potentials 
Vbn and Vbp, and the control signals Vbcn and Vbcp shown in the drawings 
are used for the description of the embodiments (except for embodiments 3 

20 and 4), are not shown as being connected to one another in the drawings, 
they are electrically connected at any points or locations in a semiconductor 
chip. 

The switch circuit cell SW is a cell which constitutes a switch circuit 
for applying or unapplying the substrate bias voltages to the n wells NW and p 
25 wells PW where the circuit cells are disposed. The switch circuit cell SW has 
a pMIS Qps and an nMIS Qns. The pMIS Qps has p type semiconductor 
regions 2P1 and 2P2 for the source and drain and a gate electrode 3G1 , and 
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it is disposed in an n well NW, The p type semiconductor regions 2P1 and 
2P2 are formed by introducing or implanting, for example, boron (B) into the n 
well NW. One semiconductor region 2P1 is electrically connected to the 
wiring M1c through contact holes CT1. The wiring M1c is further electrically 
5 connected to the wiring M2d via a through hole TH1 . The other 

semiconductor region 2P2 is electrically connected to the wiring (third wiring) 
M1e through contact holes CT2. The wiring M1e is electrically connected to 
the wiring M2e via a through hole TH2. In addition, the wiring M1e is 
electrically connected to n* type semiconductor regions 4N disposed in the 

10 switch circuit cell SW and the respective circuit cells BC through a contact 
hole CT3, and it is electrically connected to the n wells NW therethrough. 
The gate electrode 3G1 is electrically connected to the wiring M1d. The 
wiring M1d is electrically connected to the wiring M2f via a through hole TH3. 
When such a pMIS Qps is turned off. the substrate bias potential Vbp is 

15 applied to the n wells NW, so that the threshold voltages of the pMISs Qp of 
the respective circuit cells BC can be rendered high, thus making it possible to 
suppress leakage currents between the sources and drains of the pMISs Qp. 
As a result, an increase in power consumption can be suppressed, and a 
thermal runaway caused by the leakage current during testing can be 

2 0 suppressed. On the other hand, when the pMIS Qps is turned on, the power 
supply potential Vdd is applied to the n wells NW, so that the threshold 
voltages of the pMISs Qp of the respective circuit cells BC can be reduced, 
thus making it possible to increase the operating speeds of the pMISs Qp. 

The nMIS Qns has n type semiconductor regions 2N1 and 2N2 for 

2 5 the source and drain and a gate electrode 3G2, and it is disposed in a p well 
PW. The n type semiconductor regions 2N1 and 2N2 are formed by 
introducing, for example, phosphor (P) or arsenic (As) into the p well PW. 
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One semiconductor region 2N1 is electrically connected to the wiring (third 
wiring) M1f through contact holes CT4. The wiring M1f is electrically 
connected to the wiring M2a via a through hole TH4. In addition, the wiring 
Mif is electrically connected to p* type semiconductor regions 4P respectively 
5 disposed in the switch circuit cell SW and the respective circuit cells BC 

through a contact hole CT5, and it is electrically connected to the p wells PW 
therethrough. The other semiconductor region 2N2 is electrically connected 
to the wiring M1 h through contact holes CT6. The wiring Ml h is electrically 
connected to the wiring M2c via a through contact TH5. The gate electrode 

10 3G2 is electrically connected to the wiring M1g. The wiring M1g is 

electrically connected to the wiring M2b via a through hole TH6. When such 
an nMIS Qns is turned off, the substrate bias potential Vbn is applied to the p 
wells NW, so that the threshold voltages of the nMISs Qn of the respective 
circuit cells BC can be rendered high, thus making it possible to suppress 

15 leakage currents between the sources and drains of the nMISs Qn. As a 
result, an increase in power consumption can be suppressed, and a thermal 
runaway caused by the leakage current during testing can be suppressed. 
On the other hand, when the nMIS Qns is turned on, the power supply 
potential Vss is applied to the p wells PW. so that the threshold voltages of 

2 0 the nMISs Qn of the respective circuit cells BC can be reduced, thus making it 
possible to increase the operating speeds of the nMISs Qn. Incidentally, the 
wirings M1c through M1 h are wirings formed in the first wiring layer, and they 
are formed so as to extend in the X direction. 

Meanwhile, the next-generation semiconductor devices might often 

2 5 be designed while following some or a majority of design data for a 

predetermined semiconductor device based on the semiconductor device's 
design. In such a case, however, substrate bias circuits might not be needed 
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partially or wholly. As one method in such a case, as shown in Fig. 2, there 
is a method for eliminating wirings M2a, M2b, M2e and M2f shown in areas A 
and B, each constituting the substrate bias circuit, and a switch circuit cell SW 
shown in an area C and adding wirings in areas D for every one of the circuit 
5 cells BC. In the case of this method, however, there is a need to re-design 
the wiring layout with the elimination of the areas A and B and perform a 
design change for eliminating the area C, although the semiconductor device 
can be designed in a short period of time as compared with re-designing all of 
it from the beginning. In addition, the wirings are added to 700 to 1200 

10 circuit cells BC. Therefore, the time required to design the semiconductor 
device becomes long. Further, since such a substantial circuit modification 
in which the wirings are added for every one of the circuit cells BC is 
performed, the electrical characteristic greatly changes too. Therefore, the 
respective circuits of the semiconductor device must be re-evaluated after its 

15 design, and, hence, the time required to evaluate each circuit also becomes 
long. As a result, the TAT (Turn Around Time) in the fabrication of the 
semiconductor device becomes long. 

Thus, in the present embodiment, when design data for another 
semiconductor device is created while following the design data for the 

2 0 predetermined semiconductor device, the substrate bias circuits remain 

unchanged, and the on/off switching operation of the switch circuit cell SW is 
made invalid (still kept in an on state or off state) upon operation of the 
semiconductor device, such that the on/off switching operation thereof is not 
performed. Further, a part of the wiring connections is changed in such a 

25 manner that the voltages supplied to an n well NWL and a p well PWL of each 
circuit cell BC are fixed. Fig. 3 shows a specific example thereof. The 
change with respect to Fig. 1 appears only in a portion equivalent to an area E. 
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That is, the wiring M2f and the wiring M1a are electrically connected via 
through holes TH7 at an intersecting point thereof. Thus, since the reference 
potential Vss is applied to the gate electrode 3G1 of the pMIS Qps of the 
switch circuit cell, the pMIS Qps is always held on, so the switch operation is 
5 made invalid. Further, the wiring M2b and the wiring M1g are electrically 
connected via through holes TH8 at an intersecting point thereof. Thus, 
since the power supply potential Vdd is applied to the gate electrode 3G2 of 
the nMIS Qns of the switch circuit cell, the nMIS Qns is always held on so that 
its switch operation is made invalid. Further, the wiring M2e and the wiring 

10 M1b are electrically connected via through holes TH9 at an intersecting point 
thereof. Thus, since the power supply potential Vdd is applied to the wiring 
M1e, the n well NW of each circuit cell BC is fixed to the power supply 
potential Vdd. Also the wiring M2a and the wiring M1a are electrically 
connected via through holes TH10 at an intersecting point thereof. Thus. 

15 since the reference potential Vss is applied to the wiring M1f. the p well PW of 
each circuit cell BC is fixed to the reference potential Vss. 

Thus, in the present embodiment, the switch operation of the switch 
circuit cell SW can be invalidated merely by placement of the through holes 
(connecting holes) TH7 through TH10 without modifying the layout of the 

2 0 circuits and wirings. Besides, the potentials of the n wells NW and p wells 
PW of a plurality of the circuit cells BC can be fixed to the power supply 
potential. In the case of the design technique described with reference to Fig. 
2, about two weeks are taken to change the design; whereas, according to the 
present embodiment, only one cell library enables the design, and the time 

2 5 required for the design change can be almost brought to naught, because 

there is no need to design a new cell library. Therefore, a QTAT (Quick Turn 
Around Time) for the design of the semiconductor device is enabled. Since 
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there is no need to modify the wirings at each circuit cell BC, it is also 
unnecessary to re-evaluate the circuit of each circuit cell BC. Owing to these 
features, the next-generation senniconductor device, which follows portions 
that obtain high evaluations in terms of the reliability and performance of the 
5 previous-generation semiconductor device, as they are, can be manufactured 
in a short period of time. 

A further specific example of the semiconductor device according to 
the present embodiment will be explained with reference to Figs. 4 through 13. 
Fig. 4 shows an overall plan view of a semiconductor chip 1C constituting an 

10 example of the semiconductor device according to the present embodiment. 
Fig. 5 shows a fragmentary enlarged plan view of an area F shown in Fig. 4. 

The semiconductor device according to the present embodiment is 
an electronic component like a general-purpose IC or ASIC (Application 
Specific IC) or the like of the type employed in electronic equipment, like a 

15 cellular phone, a digital camera or a personal computer or the like. A plane 
square or quadrangular internal circuit area CA1 is disposed in the center of a 
plane square semiconductor chip 1C constituting the present semiconductor 
device. A plurality of macro cells MCs are disposed in the internal circuit 
area CA1 . A plurality of circuit cell rows BCR are placed in each macro cell 

20 MC so as to be arranged and packed along X and Y directions as shown in 
Fig. 5. In each circuit cell row BCR. a plurality of circuit cells are placed side 
by side along the X direction as described above. Switch circuit cells SW are 
disposed for every circuit cell row BCR. With connections of respective 
circuit cells BC in such circuit cell rows BCR, logic circuits like, for example, 

25 DSP (Digital Signal Processors) or the like, and memory circuits like, for 

example, RAMs (Random Access Memories), ROMs (Read Only Memories) 
or the like are formed in the respective macro cells MC. A plurality of 



13 



processors or the like in the internal circuit area CA1 perform parallel 
processing while simultaneously sharing a large number of instructions and 
data to enhance the processing performance, thereby making it possible to 
process desired processing, like graphic processing or the like, in real time at 
5 high speed. 

A peripheral circuit area CA2 is disposed between the outer 
periphery of the internal circuit area CA1 and the outer periphery of the 
semiconductor chip 1C, both shown in Fig. 4. Wirings RM1 and RM2 are 
disposed so as to surround the outer periphery of the internal circuit area CA1 . 

10 The wirings RM1 and RM2 are go-around or orbital wirings for the internal 
circuit. Of these, the wiring RM1 has wirings M3a. M3b, M3e and M3f for 
substrate bias circuits. The wiring M3a is a wiring electrically connected to 
the wiring M2a, to which the substrate bias potential Vbn is applied. The 
wiring M3b is a wiring electrically connected to the wiring M2b, to which the 

15 control signal Vbcn is applied. The wiring M3e is a wiring electrically 
connected to the wiring M2e, to which the substrate bias potential Vbp is 
applied. The wiring M3f is a wiring electrically connected to the wiring M2f, 
to which the control signal Vbcp is applied. On the other hand, the wiring 
RM2 includes wirings MSc and M3d for power supply. The wiring M3c is a 

2 0 wiring electrically connected to the wiring M2c, to which the power supply 

potential Vss is applied. The wiring M3d is a wiring electrically connected to 
the wiring M2d, to which the power supply voltage Vdd is applied. The 
wirings M3a through M3f are formed in a third wiring layer located above the 
wirings M2a through M2f. In the peripheral circuit area CA2, as shown in Fig. 

2 5 4. a plurality of input/output circuit cells I/O are disposed around the outer 

peripheries of the wirings RM1 and RM2 and arranged side by side along the 
outer periphery of the semiconductor chip 1C. The input/output circuit cells 
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I/O are divided into signal input/output circuit cells l/Os and power-supply 
input/output circuit cells l/Ov. Various interface circuits, like a protection 
circuit for prevention of electrostatic breakdown, etc. in addition to. for 
example, an input circuit, an output circuit, or an input/output bidirectional 
5 circuit, are formed in the signal input/output circuits I/O, respectively. A 
substrate bias power supply circuit is disposed in an area for each 
input/output circuit cell I/O. Further, a plurality of pads PD are disposed 
around the outer peripheries of the input/output circuit cells I/O in the 
peripheral circuit area CA2 of Fig. 4 and are arranged side by side along the 

10 outer periphery of the semiconductor chip 10. The pads PD include signal 
pads and power supply pads. The pads PD are disposed for each 
input/output circuit cell I/O referred to above. The signal pads PD are 
disposed for the signal input/output cell l/Os, and the power supply pads PD 
are disposed for the power-supply input/output circuit cells l/Ov. The pads 

15 PD may be disposed in a zigzag manner. Thus, since a larger number of the 
pads PD can be disposed in small areas, a semiconductor device that needs 
a number of pins can be reduced in size. 

Fig. 6 shows a typical semiconductor chip 10 where a substrate bias 
circuit is used. Symbol Vbb designates a substrate bias system potential 

2 0 which is referred to as a generic name for the substrate bias potentials Vbn 
and Vbp and control signals Vbcn and Vbcp. Symbol MS designates a 
substrate bias power supply circuit. The substrate bias power supply circuit 
MS is electrically connected to a switch circuit cell SW through wirings RM2 
and RM1 . Input/output circuit cells I/O for supplying a substrate bias control 

2 5 signal are electrically connected to the switch circuit cell SW through the 
wiring RM1 . Thus, the application or non-application of the substrate bias 
voltages to each circuit cell BO can be controlled (see an area G shown in Fig. 



15 



6). 

On the other hand, Fig. 7 shows a typical semiconductor chip 1C 
where a substrate bias circuit is not used as a whole. In Fig. 7, as compared 
with Fig. 6, the substrate bias power supply circuit MS is disconnected from 
5 the wirings RM2 and RM1 . The wiring RM1 is not connected to a switch 
circuit cell SW. The wiring RM2 for a power supply potential Vdd and a 
reference potential Vss is connected to the switch circuit cell SW. The 
substrate potential for each circuit cell BC and each input/output circuit cell I/O 
is fixed to the power supply potential Vdd and the reference potential Vss (see 

10 the area G shown in Fig. 7). In this case, the substrate bias power supply 
circuit MS can be eliminated. Since large MISs, each of which belongs to a 
high-withstand system and has a relatively thick gate insulating film, are used 
as MISs constituting the substrate bias power supply circuit MS, the leakage 
current is small. Since the substrate bias power supply circuit can be 

15 disconnected from the whole circuit in the case of a semiconductor device 
wherein the substrate bias circuit is not used as a whole, the power 
consumption of the semiconductor device can be reduced. 

Fig. 8 shows a specific example of the design change method of Fig. 
7 where no substrate bias circuit is used. Symbol CAS designates a go- 

2 0 around or orbital wiring area for an internal circuit, and symbol CA4 indicates 
an input/output circuit area. 

First of all, the design change of an area E by wiring connections in 
the present embodiment is identical to the one mentioned above. A wiring 
M2a is electrically connected to a wiring M3a via a through hole TH1 1 . a 

25 wiring M2b is electrically connected to a wiring M3b via a through hole TH12. 
a wiring M2c is electrically connected to a wiring M3c via a through hole TH13, 
a wiring M2d is electrically connected to a wiring M3d via a through hole TH14, 



16 



a wiring M2e is electrically connected to a wiring M3e via a through hole TH15, 
and a wiring M2f is electrically connected to a wiring M3f via a through hole 
TH16. Owing to such wiring connections, a substrate potential for each 
circuit cell row in an internal circuit area CA1 and a substrate potential for 
5 each input/output circuit cell I/O in a peripheral circuit area CA2 can be fixed 
to power supply potentials Vdd and Vss. According to the present 
embodiment, since the time taken to perform the above design change can be 
almost brought to naught, a QTAT for the design of the semiconductor device 
is enabled. Since there is no need to modify the wirings at each circuit cell 

10 BC and input/output circuit cell I/O. it is also unnecessary to re-evaluate 
circuits for each circuit cell BC and input/output circuit cell I/O. Owing to 
these features, the next-generation semiconductor device, which follows 
portions that obtain high evaluations in terms of the reliability and 
performance of the previous-generation semiconductor device, as they are, 

15 can be manufactured in a short period of time. 

Next, a design change which is effected in an area H by wiring 
connections in the present embodiment is identical in purpose to the wiring 
connections indicated by the area E and shows that a substrate bias system 
potential Vbb is fixed to a power supply potential Vdd and a reference 

2 0 potential Vss in the areas for the input/output circuit cells I/O. Wiring M3g 
through M3n designate go-around or orbital wirings for the input/output 
circuits, and they extend and are disposed along the outer periphery of a 
semiconductor chip 1C so as surround the internal circuit area CA1 . In the 
present example, the wirings M3g through M3n are formed in, for example, a 

25 third wiring layer. The wiring M3g is essentially a wiring to which a control 
signal Vbcn is applied. The wiring M3h is essentially a wiring to which a 
substrate bias potential Vbn is applied. Further, the wiring M3i is essentially 
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a wiring to which the control signal Vbcn is applied, and the wiring M3j is 
essentially a wiring to which the substrate bias potential Vbp is applied. Also 
the wirings M3k through M3n are, respectively, wirings to which the substrate 
potential Vss, power supply potential Vdd, reference potential Vss1 and power 
supply potential Vcc are applied. Of these, the outermost peripheral wirings 
M3n and M3m are 3.3V-system power supply wirings. The power supply 
potential Vcc is set to, for exannple, about 3.3V, and the reference potential 
Vss1 is set to, for exannple, 0 (zero)V corresponding to a ground potential. In 
the present embodiment herein, the wiring M3g for the control signal Vbcn is 
connected to a wiring M2g via a through hole TH17, and, further, the wiring 
M2g is electrically connected to the wiring M3d via through holes TH18, 
whereby the wiring M3g per se is fixed to the power supply potential Vdd. 
The wiring M3h for the substrate bias potential Vbn is connected to a wiring 
M2h via a through hole TH19, and, further, the wiring M2h is electrically 
connected to the wiring M3c via through holes TH20. whereby the wiring M3h 
per se is fixed to the reference potential Vss. The wiring M3i for the control 
signal Vbcp is connected to a wiring M2i via a through hole TH21, and, further, 
the wiring M2i is electrically connected to the wiring M3c via through holes 
TH22, whereby the wiring M3i per se is fixed to the reference potential Vss. 
Further, the wiring M3i for the substrate bias potential Vbp is connected to a 
wiring M2j via a through hole TH23, and, further, the wiring M2j is electrically 
connected to the wiring M3d via through holes TH24, whereby the wiring M3j 
per se is fixed to the power supply potential Vdd. 

In the present embodiment as described above, the substrate 
potentials for all circuit cells BC and all input/output circuit cells I/O in the 
internal circuit area CA1 of the semiconductor chip 1C can be fixed to the 
power supply potential Vdd and the reference potential Vss by limiting 
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modification of the wiring layout to the minimum and simply changing the 
connections at one point of the area H. Even in this case, since the time 
taken to perform the design can be shortened as compared with re-execution 
of the overall design for the semiconductor device, a QTAT for the design of 
5 the semiconductor device is enabled. Since there is no need to modify the 
wirings at each circuit cell BC and input/output circuit cell I/O, it is also 
unnecessary to re-evaluate the circuits for each circuit cell BC and 
input/output circuit cell I/O. Accordingly, the next-generation semiconductor 
device, which follows portions that obtain high evaluations in terms of the 

10 reliability and performance of the previous-generation semiconductor device, 
as they are. can be manufactured in a short period of time. 

However, although the change in connection at only one point of the 
area H has been performed here, it may be performed at several points in a 
dispersed form. It is thus possible to stabilize the potentials supplied to the 

15 substrate 1S. The wirings M3g through M3j for the substrate bias-system 
potential Vbb disposed in the peripheral circuit area CA2 may be electrically 
connected to the power-supply wirings MSI and M3k disposed in the 
peripheral circuit area CA2 to fix the substrate potentials for the circuit cells 
BC and input/output circuit cells I/O. However, since the power supply 

20 potentials to the input/output circuit cells I/O are supplied through the wirings 
MSI and MSk, there is a possibility that the power potentials to the input/output 
circuit cells I/O will change when the wirings MSg through MSj for the 
substrate bias-system potential Vbb are connected to the wirings MSI and 
MSk. It is therefore preferable that such a possibility will not be developed. 

2 5 The present embodiment shows where the wiring connections in both the 
areas E and H are provided. This is because the stability of the substrate 
potentials for the semiconductor chip 1 C can be improved by doing so. 
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However, it is not always necessary to perform the wiring connections in both 
the areas E and H. The substrate potentials can be fixed even by simply 
providing the wiring connections in any one of the areas. Incidentally, the 
wirings M2g through M2j are wirings formed In, for example, a second wiring 
5 layer, and they are formed so to extend in the Y direction. 

Fig. 9 shows a specific example of the design change in the internal 
circuit area CA1 in Fig. 8. Even in this case, the design change of areas E1 
and E2 by wiring (through-hole) connections is identical to the one referred to 
above. Wirings M1j and MIk are wirings for supplying substrate bias 

10 potentials Vbn and Vbp to n wells NW and p wells PW of respective circuit 
cells BC. They are formed In a first wiring layer so as to extend along the X 
direction. While the wiring Mlj is electrically connected to a wiring M2e via a 
through hole TH25 at a portion where it intersects the wiring M2e, it is 
connected to n* type semiconductor regions 5N and electrically to the n wells 

15 NW through contact holes CT7. In the present embodiment, the wiring M2e 
is supplied with a power supply potential Vdd with the connection of the wiring 
M2e to a wiring M1b for the power supply potential Vdd via through holes TH9. 
Therefore, the n wells NW of the respective circuit cells BC can be fixed to the 
power supply potential Vdd through the wiring Mlj electrically connected to the 

2 0 wiring M2e. While the wiring MIk is electrically connected to a wiring M2a via 
a through hole TH26 at a portion where It Intersects the wiring M2a. it is 
connected to p* type semiconductor regions 5P and electrically to the p wells 
PW through contact holes CT8. In the present embodiment, the wiring M2a 
is supplied with a reference potential Vss with the connection of the wiring 

25 M2a to a wiring M1i for the reference potential Vss via through holes TH10. 
Therefore, the p wells PW of the respective circuit cells BC can be fixed to the 
reference potential Vss through the wiring MIk electrically connected to the 
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wiring M2a. Further, since the wirings M2a, M2b, M2e and M2f for the 
substrate bias-system potential Vbb can be set to the power supply potential 
Vdd and the reference potential Vss, the substrate potentials for input/output 
circuit cells I/O in the same semiconductor chip can also be fixed to the power 
5 supply potential Vdd and the reference potential Vss. Thus, since the fixing 
of the substrate potentials for the circuit cells BC and input/output circuit cells 
I/O can be carried out by using only the layout or placement of the through 
holes TH9 and TH10 in the present embodiment, it is possible to easily 
perform the change of design of from a semiconductor device that needs 

10 substrate bias circuits to a semiconductor device that needs no substrate bias 
circuits. Thus, the time required to design the semiconductor device can be 
shortened. Since there is no change in circuit connections in the circuit cells 
BC and input/output circuit cells I/O, there is no need to re-evaluate the 
respective circuit cells BC and input/output circuit cells I/O. Accordingly, the 

15 next-generation semiconductor device, which follows portions that obtain high 
evaluations in terms of the reliability and performance of the previous- 
generation semiconductor device, as they are, can be manufactured in a short 
pehod of time. 

Fig. 9 shows a case in which gate circuits like NAND circuits ND and 
20 NOR circuits NR or the like are formed in the circuit cells BC. The NAND 

circuit ND and NOR circuit NR respectively have, for example, two pMISs Qp1 
and Qp2, and two nMISs Qn1 and Qn2. The pMIS Qp1 has p type 
semiconductor regions 6P1 and 6P2 for the source and drain, and a gate 
electrode 3G3. The pMIS Qp2 has p type semiconductor regions 6P3 and 
25 6P4 for the source and drain, and a gate electrode 3G4. Further, the nMIS 
Qn1 has n type semiconductor regions 6N1 and 6N2 for the source and drain, 
and the gate electrode 3G3. The nMIS Qn2 has p type semiconductor 
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regions 6N3 and 6N4 for the source and drain, and the gate electrode 3G4. 
The respective circuits are respectively formed based on the layout of wirings 
MO and contact holes CT9 and CT10 in the undermost layer. 

One example of a vertical structure of Fig. 9 will now be explained 
5 with reference to Figs. 10 through 12. Fig. 10 is a cross-sectional view taken 
along line Y1 - Y1 of Fig. 9, Fig. 1 1 is a cross-sectional view taken along line 
Y2 - Y2 of Fig. 9, and Fig. 12 is a cross-sectional view taken along line Y3 - 
Y3 of Fig, 9. 

A substrate IS is made of, for example, p-type silicon (Si) 

10 monocrystalline. For example, trench-type separators are formed over a 

main surface (device forming surface) of the substrate 1 S. The separators 7 
are formed by embedding a silicon oxide film (Si02 or the like) into trenches 
formed in the substrate IS. As an alternative to each trench-type separator 
7, the separation section may be formed by a field insulating film formed by a 

15 LOCOS (Local Oxidization of Silicon) method. The pMISs Ops. Qpl , and 
Qp2 and nMISs Qns, Qnl and Qn2 are formed in active regions defined by 
the separators 7, The pMISs Ops, Qpl , Qp2 and nMISs Qns, Qnl and Qn2 
respectively have gate insulating films 8, each made of, for example, a silicon 
oxide film or the like between the substrate IS and the gate electrodes 3G1 

2 0 through 3G4, in addition to the above configuration. Cap insulating films 9. 
each made of, for example, a silicon oxide film, are formed over the gate 
electrodes 3G1 through 3G4. Sidewalls 10 made of, for example, a silicon 
oxide film are formed over the sides of the gate electrodes 3G1 through 3G4 
and the sides of the cap insulating films 9 placed thereover. 

2 5 Wiring layers are formed over the main surface of the substrate 1 S. 

The wiring layers are formed as a damascene wiring structure, for example. 
The damascene wiring structure is a structure wherein embedded rings are 
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formed in wiring openings like trenches or holes or the like defined in an 
insulating film. The present structure is formed by, for example, depositing a 
conductive film over the insulating film formed with the wiring openings and 
thereafter removing the conductive film by polishing or the like by means of a 
5 chemical mechanical polishing (CMP) method so that the conductive film is 
left within the wiring openings alone. In the present embodiment, insulating 
films 11a through 1 1i, wirings MO and Ml and plugs PL1 corresponding to 
some of the wiring layers are illustrated. The relatively thin insulating films 
11a, 11c, 1 1e, 1 1g and 1 1 i are respectively made of, for example, a silicon 

10 nitride film, and the relatively thick insulating films 11b, lid, 1 1f and llhare 
respectively made of, for example, a silicon oxide film. The wiring MO and 
plug PL1 respectively have a structure wherein a thin barrier conductive film 
made of, for example, titanium nitride (TIN) or the like is formed over the outer 
periphery (sides and bottom surface) of a thick conductive film made of, for 

15 example, tungsten (W) or the like. Each wiring Ml has a structure wherein a 
thin barrier conductive film made of, for example, tantalum (Ta), tantalum 
nitride (TaN), titanium (Ti) or titanium nitride (TiN), or a laminated film or the 
like of films of two or more selected from these is formed over the outer 
periphery (sides and bottom surface) of a thick conductive film made of. for 

2 0 example, copper (Cu) or the like. The layers other than the undermost or 
bottom layer and the top layer are constituted with copper similar to the 
wirings Ml of the first wiring layer as a main wiring material. The wirings M1 
are respectively electrically connected to the substrate IS via the wirings M10. 
Fig. 13 shows a specific example of the design change in the 

2 5 peripheral circuit area CA2 of Fig. 8. Symbol CAS in Fig. 13 indicates a low 
threshold area in which MISs relatively low in threshold voltage are disposed, 
and symbol CA6 indicates a high threshold area in which MISs relatively high 
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in threshold voltage are disposed. 

Even in this case, the change of design of the area H by wiring 
connections is identical to the one referred to above. In an area of an 
input/output circuit cell I/O at one location or spot, a substrate bias-system 
5 potential Vbb is connected to wirings for a power supply potential Vdd and a 
reference potential Vss, so that the substrate bias-system potentials Vbb for 
all circuit cells BC in an internal circuit area CA1 and all input/output circuit 
cells I/O in a peripheral circuit area CA2 can be fixed to the power supply 
potential Vdd and the reference potential Vss. It is thus possible to easily 

10 perform a change of design from a semiconductor device that needs substrate 
bias circuits to a semiconductor device that needs no substrate bias circuits. 
Thus, the time required to design the semiconductor device can be shortened. 
Since the wiring modification involve only one spot and there is no change in 
the connections in the circuit cells BC and input/output circuit cells I/O per se. 

15 there is no need to re-evaluate the respective circuit cells BC and input/output 
circuit cells I/O. Accordingly, the next-generation semiconductor device, 
taking over, as they are, portions that obtain high evaluations in terms of the 
reliability and performance of the previous-generation semiconductor device, 
can be fabricated in a short period of time. 

2 0 Each of the input/output circuit cells I/O collectively include a series 

of circuits necessary for implementing the interface between an internal circuit 
and the outside. The interface between an external signal (e.g., 3.3V) and 
an internal signal (e.g., 1.5V) is performed via the input/output circuit cell I/O. 
Therefore, it is necessary to dispose the input/output circuit cells I/O in the 

25 vicinity of pads PD and supply at least two types of power supply voltages to 
the input/output circuit cells I/O. A protection circuit area ESD is an area in 
which a circuit is provided for protecting the internal circuit from an excessive 
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voltage like electrostatic breakdown or the like. In the present embodinnent, 
protective diodes are illustrated as a protection circuit. An input buffer circuit 
area IB and an output buffer circuit area OB are areas in which buffer circuits 
necessary for the interface between internal circuits and the outside are 
5 disposed. They operate at a power supply voltage of about 3.3V, for 

example. A level shifter circuit area LSI for input Is an area in which a circuit 
for converting a voltage level of an input signal to a voltage level at each 
internal circuit is disposed. The level shifter circuit area LS1 has, for 
example, a portion operated at a power supply voltage of about 1 .5V, and a 

10 portion operated at a power supply voltage of about 3.3V. On the other hand, 
a level shifter circuit area LS2 for output is an area in which a circuit for 
converting a voltage level of a signal outputted from the internal circuit to a 
voltage level at the outside is disposed. The level shifter circuit area LS2 has, 
for example, a portion operated at a power supply voltage of about 1 .5V, and 

15 a portion operated at a power supply voltage of about 3.3V. Switch circuit 
cells SW, each having a configuration similar to the above, are disposed in 
the level shifter circuit areas LS1 and LS2 of the respective input/output circuit 
cells I/O. pMISs constituting the circuits in each peripheral circuit areas CA2 
are disposed in n well regions, and nMISs are disposed in p well regions, n 

2 0 wells and p wells in the peripheral circuit areas CA2 are circularly disposed 
along the outer periphery of a semiconductor chip 10. 
(Embodiment 2) 

An embodiment 2 will be explained as an example in which since 
there is a case in which substrate biases are used in pMISs and nMISs of 
25 each memory cell even in the case of a memory circuit like an SRAM (Static 
Random Access Memory) or the like, substrate bias circuits in such a case 
are invalidated. 
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Fig. 14 is plan view typically showing a semiconductor device having 
an SRAM module SRM, and Fig. 15 is a circuit diagram showing one example 
of a circuit configuration of each memory cell SMC of the SRAM module SRM 
shown in Fig. 14. 

5 The SRAM module SRM will first be explained. The SRAM module 

SRM has a memory cell array MCA, a row decoder circuit area CD, an 
indirect peripheral circuit area PC, a column decoder circuit area RD, a sense 
amplifier circuit area SA, and an input/output circuit cell l/Om lying within the 
module. In the memory cell array MCA, a plurality of the memory cells SMC 

10 are disposed in the neighborhood of intersecting points of word lines WL and 
bit lines BL1 and BL2. For instance, a 6 MIS type memory cell SMC is 
illustrated in Fig. 15. That is, the memory cell SMC includes drive nMISs 
Qnd, load pMISs Qp1, and transfer nMISs Qnt, which are respectively 
provided two by two. Each MIS of the input/output circuit cell I/O is set lower 

15 than that of the input/output circuit cell I/O, whose threshold voltage is driven 
at a power supply of 3.3V. In such an SRAM module SRM, substrate bias 
potentials Vbn and Vbp are supplied to wells for the respective MISs of the 
respective memory cells SMC, the row decoder circuit area CD, the indirect 
peripheral circuit area PC and the input/output circuit cell l/Om. Incidentally, 

20 mutually inverted signals are transmitted over the bit lines BL1 and BL2. 
Symbol CS indicates a chip select signal, and symbol AD indicates an 
address signal. 

Wirings and a substrate bias circuit system will next be described. 
A wiring M2k is used for supplying a power supply potential Vdd, and a wiring 
25 M2m is used for supplying a reference potential Vss. A wiring M2n is 

essentially used for transmitting a control signal Vbcp for each substrate bias 
circuit. The wiring M2n is connected to a wiring MIm via a through hole TH27 
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and is electrically connected to a gate electrode of a pMIS Qps of a switch 
circuit cell SW through the wiring MIm. A wiring 2p is essentially used for 
transmitting a control signal Vbcn for each substrate bias circuit. The wiring 
2p is connected to a wiring MIn via a through hole 28 and is electrically 
5 connected to a gate electrode of an nMIS Qns of the switch circuit cell SW 
through the wiring MIn. A wiring M2q is essentially used for supplying a 
substrate bias potential Vbp and is electrically connected to the gate of the 
switch circuit cell SW. A wiring M2r is essentially used for supplying a 
substrate bias potential Vbn and is electrically connected to the drain of the 

10 nMIS Qns of the switch circuit cell SW. These wirings M2k, M2m, M2n, and 
M2p through M2r are fornried in a second wiring layer. Also the wirings Ml m 
and MIn are formed in a first wiring layer. Wirings Mlp and Mlq, which 
intersect (are orthogonal to) these wirings M2k, M2m, M2n and M2p through 
M2r. are respectively used essentially for supplying the substrate bias 

15 potentials Vbp and Vbn to n wells of respective pMISs of the respective 

memory cells SMC, the row decoder circuit area CD, the indirect peripheral 
circuit area PC and the input/output circuit cell l/Om and p wells of respective 
nMISs thereof. The wiring Mlp is electrically connected to the wiring M2q via 
a through hole TH29, and the wiring Mlq is electrically connected to the wiring 

2 0 M2r via a through hole TH30. Incidentally, although the wirings Mlp and Mlq 
for the memory cell array MCA are illustrated one by one to make it easy to 
see then in the drawings, a plurality of wirings Mlp and Mlq are actually 
provided. 

The above-described configuration corresponds to a configuration in 
25 which the semiconductor device which needs substrate bias circuits originally 
has them. A description will be made here of an example in which substrate 
biases become unnecessary. In this case, a design change is made by 
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changing only the layout of wirings (through holes) in an area J in the present 
embodiment 2. That is, the wirings M2m and M1m are electrically connected 
to each other via through holes TH31 . Consequently, the pMIS Qps of the 
switch circuit cell is always held on so that its switch operation is invalidated. 
5 The wirings M2k and MIn are electrically connected to each other via through 
holes TH32. Thus, the nMIS Qns of the switch circuit cell is always held on 
so that its switch operation is invalidated. Further, the wirings M2k and Mlp 
are electrically connected to each other via through holes TH33. Thus, since 
the power supply potential Vdd is applied to the wiring Mlp, the n wells of the 

10 pMISs of the memory cell array MCA. the row decoder circuit area CD, the 
indirect peripheral circuit area PC, the column decoder circuit area RD, the 
sense amplifier circuit area SA, and the input/output circuit cell l/Om lying 
within the module are fixed to the power supply potential Vdd, The wirings 
M2m and Mlq are electrically connected to each other via through holes 34. 

15 Thus, since the reference potential Vss is applied to the wiring Mlq. the p 

wells PW of the nMISs of the memory cell array MCA, the row decoder circuit 
area CD, the indirect peripheral circuit area PC, the column decoder circuit 
area RD, the sense amplifier circuit area SA, and the input/output circuit cell 
l/Om lying within the module are fixed to the reference potential Vss. 

2 0 In the present embodiment as described above, the switch operation 

of the switch circuit cell SW can be invalidated and the potentials of the n and 
p wells of the SRAM module SRM can be fixed by only providing the through 
holes (connecting holes) TH31 through TH34 without modifying the layout of 
the circuits and wirings. Thus, since the time taken to perform the design 

25 change of the semiconductor device having the SRAM can be almost brought 
to naught, QTAT (Quick Turn Around Time) for the design thereof is enabled. 
Since there is no need to modify the wirings at the SRAM module SRM, it is 



also unnecessary to re-evaluate circuits for the SRAM module SRM. Owing 
to these features, the next-generation semiconductor device having an SRAM 
module can be fabricated in a short period of time, in a state of taking over 
points that obtain high evaluations in terms of the reliability and performance 
5 of the previous-generation semiconductor device having an SRAM module, as 
they are. 

(Embodiment 3) 

The embodiment 3 will be explained as an example in which the 
supply of substrate bias power to only some circuit areas of a plurality of 

10 circuit areas (macro cells or modules) in a semiconductor chip is made valid, 
and the substrate bias power supplied to for other circuit areas is fixed to a 
power supply potential and a reference potential or the like to invalidate them. 

Fig. 16 typically shows an essential part of a semiconductor device 
according to the present embodiment 3. For example, an input/output circuit 

15 cell I/O, an interrupt voltage controller IVC, a substrate bias controller VBBC, 
a clock generator CLK, another controller UCL, a central processing unit CPU. 
a ROM module ROM, a first SRAM module SRM1, a digital-to-analog circuit 
D/A, a DMA (Direct Memory Access Controller) controller DMAC, an analog- 
to-digital circuit A/D, and a second SRAM module SRM2 constructing an SOC 

2 0 (System On Chip) are shown in the drawing. Symbol BUS indicates an 
address/data bus, and symbol COS indicates a control signal wiring. 

Substrate biases are applied to the respective circuits in an area K, 
and no substrate biases are applied to the circuits in areas other than the area 
K. Substrate potentials are fixed to a power supply potential Vdd and a 

25 reference potential Vss in a manner similar to the embodiments 1 and 2. 
The method of designing a circuit group (circuit group which invalidates the 
substrate bias power supplies) that does not use substrate bias circuits is 
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identical to the embodiments 1 and 2. The present embodiment shows, as 
an example, a case in which the substrate biases are fixed with areas L and 
M in the same manner as mentioned above. Namely, as to the input/output 
circuit cell I/O, a substrate bias-system potential Vbb for all input/output circuit 
cells I/O is fixed to the power supply potential Vdd and reference potential Vss 
at one spot in the area L. As to the circuit group for invalidating the substrate 
bias power supplies, the substrate bias-system potential Vbb is fixed to the 
power supply potential Vdd and the reference potential Vss collectively at one 
spot in the area M. In any case, a substrate bias potential Vbn and a control 
signal Vbcp are fixed to the reference potential Vss. and a substrate bias 
potential Vbp and a control signal Vbcn are fixed to the power supply potential 
Vdd. On the other hand, as to a circuit group (circuit group for validating 
substrate bias power supplies) using substrate bias circuits, a substrate bias- 
system potential Vbb thereof is separated from the substrate bias-system 
potential Vbb of the circuit group for invalidating the substrate bias power 
supplies, as indicated in an area N. That is, the substrate bias power supply 
systems are set so as to include two systems. Thus, even if the circuit group 
for validating the substrate bias power supplies and the circuit group for 
invalidating the same exist within the same semiconductor chip, the present 
embodiment is capable of flexibly coping with it. Accordingly, the present 
embodiment 3 is capable of obtaining an advantageous effect similar to that of 
the embodiments 1 and 2. 
(Embodiment 4) 

The embodiment 4 will be explained as an example in which 
substrate bias power supplies are made valid for predetermined elements of a 
plurality of elements within a semiconductor chip, and substrate bias power 
supplies for other elements are fixed to a power supply potential or a 
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reference potential or the like and made invalid. A description will now be 
made of a case In which substrate bias power supplies for pMIS or nMIS, for 
example, are fixed. When the threshold voltage of the pMIS or nMIS is 
designed to be high, only substrate bias power supplies of a pMIS or a nMIS 
5 designed to be low in threshold value are made valid to thereby control the 
threshold value of each MIS that is low in threshold value. It is thus possible 
to reduce the power consumption of the semiconductor device. 

Fig, 17 shows indexes used upon determining whether the substrate 
bias power supplies are made valid or invalid. Incidentally, Vth in the figure 

10 means threshold values. When both nMIS and pMIS are high in threshold 
value, the substrate bias power supplies become unnecessary. In this case, 
the substrate bias-system potential Vbb (substrate bias potentials Vbn and 
Vbp and control signals Vbcn and Vbcp) for each of the nMIS and pMIS is 
fixed to the power supply potential Vdd and the reference potential Vss in a 

15 manner similar to the embodiments 1 through 3. When the nMIS is high in 
threshold value and the pMIS is low in threshold value, the supply of the 
substrate bias power supplies to the pMIS is required, but the supply thereof 
to the nMIS is not needed. Therefore, the substrate bias-system potential 
Vbb (substrate bias potential Vbn and control signal Vbcn) for the nMIS is 

2 0 fixed to the power supply potential Vdd and the reference potential Vss in a 
manner similar to the embodiments 1 through 3. When the nMIS is low in 
threshold value and the pMIS is high in threshold value, the supply of the 
substrate bias power supplies to the nMIS is needed but the supply thereof to 
the pMIS is not needed. Therefore, the substrate bias-system potential Vbb 

2 5 (substrate bias potential Vbp and control signal Vbcp) for the pMIS is fixed to 
the power supply potential Vdd and the reference potential Vss in a manner 
similar to the embodiments 1 through 3. Further, when both the nMIS and 
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pMIS are low in threshold value, the substrate bias power supplies are 
necessary for both thanMIS and pMIS. 

Fig. 18 typically shows a specific example of the semiconductor 
device according to the embodiment 4. Symbol Mdd indicates a wiring for 
5 supplying a power supply potential Vdd, symbol Mss indicates a wiring for 
supplying a reference potential Vss, symbols Mbp1 and Mbp2 indicate wirings 
for supplying a substrate bias potential Vbp, symbol Mbn1 indicates a wiring 
for supplying a substrate bias potential Vbn, and symbol Mbn2 indicates a 
wiring provided to essentially supply a substrate bias potential Vbn. 

10 In the present embodiment, all of the nMISs and pMISs for a central 

processing unit CPU, a control circuit CC and a memory control circuit MMC 
of a memory module MM are respectively set as MISs that are low in 
threshold value. nMISs for a memory cell array MCA2 of the memory 
module MM are set as MISs that are high in threshold value, and pMISs 

15 therefor are set as MISs that are low in threshold value. In this case, the 
substrate bias voltages are suitably applied to the nMISs and pMISs of the 
central processing unit CPU, control circuit CC and memory control circuit 
MMC of the memory module MM by use of a switch circuit cell SW1 of a 
substrate bias circuit to thereby control the operations of their nMISs and 

2 0 pMISs. Substrate bias voltages are suitably applied to the pMISs of the 

memory cell array MCA2 of the memory module MM by use of a switch circuit 
cell SW2 of a substrate bias circuit to thereby control the operations of the 
pMISs. Upon standby of the semiconductor device, for example, the 
substrate bias power supplies are supplied to the nMISs and pMISs of the 

2 5 central processing unit CPU, control circuit CC and memory control circuit 
MMC of the memory module MM, and the pMISs of the memory cell array 
MCA to increase the threshold voltages, thereby suppressing leakage 



currents. It is thus possible to reduce the power consumption of the 
semiconductor device. On the other hand, since there is no need to supply 
the substrate bias-system potential Vbb to each nMIS of the memory cell 
array MCA2 of the memory module MM, the wiring Mbn2 for the substrate 
5 bias potential Vbn is connected to the wiring Mss to thereby fix its potential to 
the reference potential Vss. 

Thus, in the present embodiment 4, when the MISs that are low in 
threshold value and the MISs that are high in threshold value exist in the 
same semiconductor chip, the substrate biases are applied to the MISs that 

10 are low in threshold value to control their operations, whereas the supply of 
the substrate bias power supplies to the MISs that are high in threshold value 
is made invalid. Thus, the leakage current can be suppressed with respect 
to the MISs that are low in threshold value. In the case of the MISs that are 
high in threshold value, the substrate bias circuits (power supplies and 

15 switches) can be separated from the whole circuit of the semiconductor 

device. It is therefore possible to reduce the overall power consumption of 
the semiconductor device. In the present embodiment 4, the design for 
invalidation of each substrate bias circuit can be performed in a short period 
of time, and its re-evaluation also is unnecessary in a manner similar to the 

2 0 embodiments 1 through 3. Even in the case of a semiconductor device in 
which the circuits that need the substrate bias circuit and the circuits that do 
not need the substrate bias circuit are provided over the same semiconductor 
chip, the time required to fabricate it can be shortened. 
(Embodiment 5) 

25 The embodiment 5 involves a method of performing a design change 

by substituting each switch circuit cell with a connecting cell where substrate 
bias circuits are unnecessary. 
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Fig. 19 typically shows a fragmentary plan view of a semiconductor 
device prior to invalidation of each substrate bias circuit. The switch circuit 
cell SW is first deleted to invalidate the substrate bias circuits. Subsequently, 
a connecting cell COC prepared in advance is taken out from a cell library and 
5 disposed in place of the switch circuit cell SW. Fig. 20 typically shows a 
fragmentary plan view of the semiconductor device after the connecting cell 
COC has been disposed. The connecting cell COC has information about 
through holes TH7 through TH10 which connect a wiring M2a for a substrate 
bias potential Vbn to a wiring M1a for a reference potential Vss, connect a 

10 wiring M2b for a control signal Vbcn to a wiring M1 b for a power supply 

potential Vdd, connect a wiring M2e for a substrate bias potential Vbp to the 
wiring M1b, and connect a wiring M2f for a control signal Vbcp to the wiring 
M1a, respectively. Therefore, all substrate bias circuits lying in a 
semiconductor chip can be invalidated by only laying out the connecting cell 

15 COC at one spot of a substrate IS. Of course, the connecting cell COC may 
be disposed at plural spots. When the present embodiment has circuits for 
invalidating the substrate bias circuits and circuits for non-invalidating the 
same, the connecting cell may be disposed at the switch circuit cell SW 
portion connected to a circuit group to be invalidated. 

20 According to the embodiment 5, additional time required to design 

the semiconductor device is taken as compared with the embodiments 1 
through 4. However, as compared with the case in which the semiconductor 
device is re-designed in its entirety, the time required to design the 
semiconductor device can be shortened and re-evaluation of each circuit can 

2 5 be eliminated, thereby making it possible to shorten the time required to 

design the semiconductor device. Since the switch circuit cell constituted of 
relatively large MISs to perform a stable operation can be eliminated, the load 
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can be reduced. Therefore, it is possible to reduce the power consumption 
of the semiconductor device and improve its operating speed. Further, the 
area for the switch circuit cell can be used as an area for disposing each 
circuit cell BC by a portion corresponding to the elimination of the switch 
5 circuit cell, the number of circuit cells BC can be increased without incurring 
an increase in the area of a semiconductor chip. It is thus possible to 
promote an increase in the performance of the semiconductor device. 
(Embodiment 6) 

The embodiment 6 represents an example of a method of designing 

10 a semiconductor device having a configuration wherein power supply 

switches are inserted between circuit modules and a power supply potential to 
make it possible to cut off internal power supplies in the circuit modules, 
thereby making it possible to realize reductions in standby currents. 

Fig. 21 typically shows one example of the semiconductor device 

15 according to the embodiment 6. A master switch MSW. a power supply 
switch controller PSC, a plurality of circuit modules CM1 through CMS. a 
plurality of power supply switches PSW1 through PSW5 connected between 
the circuit modules CM1 through CMS and a reference potential Vss, and an 
address/data bus wiring BUS common to the respective circuit modules CM1 

2 0 through CMS are shown in Fig. 21. 

The master switch MSW is a common switch for controlling on/off 
operations of switch circuit cells SW connected to the circuit modules CM1 
through CMS. The operation of the master switch MSW enables control for 
switching potentials of wells for pMISs Qp and nMISs Qn in the respective 

2 5 circuit modules CM1 through CMS to substrate bias potentials Vbp and Vbn 
and switching the potentials thereof to the power supply potential Vdd and the 
reference potential Vss. Even in the embodiment 6. those devices that 



require no substrate bias switcfiing can be easily re-designed by the method 
described for each of the embodiments 1 through 5, 

Also, the power supply switch controller PSC is a common switch for 
controlling on/off operations of the power supply switches PSW1 through 
5 PSW4. With the operation of the power supply switch controller PSC. the 
turning on/off of the power supply switches PSW1 through PSW4 is controlled, 
thereby making it possible to perform control for switching between the supply 
of the power supplies to the circuit modules CM1 through CM4 and shut-off of 
their supply. Inserting the power supply switches PSW1 through PSW4 
10 between the circuit modules CM1 through CM4 and the reference potential 
Vss respectively makes it possible to shut off the internal power supplies in 
the circuit modules CM1 through CM4 and realize a reduction in the standby 
currents. 

Meanwhile, there might be such a demand that with the change of a 
15 semiconductor device or the like, for example, it is desired to always keep 
active some circuit modules in a semiconductor chip in the case of the next- 
generation semiconductor device. Where all the circuits in the 
semiconductor device are re-designed here, much labor and time are required 
in the same manner as mentioned above. In such a case, the following may 
2 0 be considered, for example. For example, the circuit module CMS is 

illustrative of a circuit module which does not undergo power shut-off and that 
one wants to keep active. In the embodiment 6, the power supply switch 
SW5 for supplying the power supply to the circuit module CMS is separated 
from the power supply switch controller PSC. Then, a gate electrode of the 
2 5 power supply switch SW5 is fixed to the power supply potential Vdd, as 
indicated by an area R. Consequently, the circuit module CMS can be 
always held in an active state. In the embodiment 6, as mentioned above, a 
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change of design of the semiconductor device can be carried out by simply 
separating the power supply switch SW5 from the power supply switch 
controller PSC and connecting the gate electrode of the power supply switch 
PSW5 to the power supply potential Vdd. That is. the next-generation 
5 semiconductor device can easily be designed by using design data about the 
semiconductor device, having the power supply switches PSW1 through 
PSW5. as it is. 

While the invention made above by the present inventors has been 
described specifically based on various illustrative embodiments, the present 

10 invention is not limited to these embodiments. It is needless to say that 
many changes can be made thereto within a scope not departing from the 
substance thereof. 

For example, the wiring structure is not limited to a damascene 
wiring structure. The wiring structure may be configured as a normal wiring 

15 structure obtained by patterning a wiring material principally made up of, for 
example, aluminum. 

While the above description has principally been directed to a case 
in which the invention made by the present inventors is applied to a 
semiconductor device having CMIS circuits, a semiconductor device having 

2 0 the SRAM modules, a semiconductor device having a SOC configuration, etc.. 
which belong to the field of application corresponding to the background of the 
invention, the present invention is not limited to such examples. The present 
invention can be applied even to a semiconductor device having a memory 
circuit like, for example, a DRAM (Dynamic Random Access Memory) or a 

2 5 flash memory (EEPROM: Electric Erasable Programmable Read Only 
Memory) or the like. 

An advantageous effect obtained by the invention disclosed in the 
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present application will be explained in brief as follows: 

Some of the wirings of a semiconductor device are changed in such 
a manner that a switch, which is provided for switching to determine whether 
substrate biases should be applied to circuit areas that need not use substrate 
bias circuits, is made invalid, and power supply voltages are applied to circuit 
areas that need not use the substrate bias circuits. Thus, since substrate 
biases can be fixed without spending time for re-design, it is possible to 
shorten the manufacturing time of a semiconductor device. 
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A iMethod of Manufacturing a Semiconductor 
Bevice and a oomieonduotor - dovioo 

^- ■I'li JCl l NICAL FIELD "- 
The present invention relates to a method of 
manufacturing a semiconductor device and -a. semiconductor 

^A ^y^^JU^ ^-v*^^^ N tiki >ii/v.'>W^ jLa <>tu^^^ 

device tecnnoiogv;, and .particularly^to a technology 
e£foctivo if nppliod j^^to a method of designing a 
semiconductor device . 

Background of the Invention 
A technology for designing a semiconductor device^ 
which has been discussed by the present inventors, is 
related to a t cehnnl i nj j^i fuj. ii dL,^lyiiiiig - -o semiconductor . 
device having at least one substrate bias cxrcuit uRtfer y^ 
design data. There may be cases in which^ while a circuit 



cell kept^low :m threshold voltage exists in circuit 
cells of a semiconductor device to improve the operating 
speed, for example, a problem^uJ:iiout Ei lenk current arises 
"by l^such a reduction in threshold voltage, thereby leading 
to an increase in power consumption and a thermal runaway 
sPtfctesting, ^Ha^eA substrate bias circuit is s-^ei^ a circuit 
fe^Stj^when it is desired to suppress the [^issric current in 
the circuit cell, a predetermined voltage is applied to a 
well in which the circuit cell is placed, thereby to 
increase the threshold voltage of the circuit cell i so as 
to suppress the^l^e**: current whereas^ when the circuit 
cell is operated at high speed, the supply of voltage 
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to the well is stopped^and the threshold voltage is 

lowered again, thereby realizing 5 high-speed operation. 

Trf^t ' ^ -^^f^^i^^M^^ A. specific example of a substrate bias 1 

circuit of a semiconductor device having a CMOS circuity. " 

Itej^this example, there is I r nown ono viybcroin a first well^ 

in which one transistor constituting the CMOS circuit is 

disposed, and a first power supply on the high potential 

side are connected to each other via a first switch 

transistorijj whereas^ a second well^ in which the other 

transistor constituting the CMOS circuit is disposed, and 

a second power supply on the reference potential side are 

connected to each other via a second switch transistor. 

Upon testing &. the semiconductor device \3t&e^r^ such a 

configuration, the first and second switch transistors 

On. 



are turned off a^ tdss-J^potential suitable for y&s^ testing 
is supplied fromKOutside to thereby suppress ^ thermal 

•V 1 *-k — » » » — k « •» 1 1 «^ Ik ./-J V*> « r ~ i 1-^—1 — fc . - v« 1^ •»•» 4— f^-v\ -4— ^-^ 4- >^ tr\ 1 1 n-^ -r-v ' 



runaway caused by e TTu^.gri^ current , On the other hand, .cspB=i«^ 
the normal operation of the semiconductor device, the 
first and second transistors are turned off and the first 
and second wells are respectively connected to the first 
and second power supplies to thereby prevent variations 
in operating speed and a latch-up or the like (ss*=fefee 

following Patont Do i jj ii I il j fbr e xamp 1 e^^^^ ^^ 

^^^^-Japanese Unexamined Patent Application No, Hei 
9 (1997) -521146 (Application number of the priority: 
Japanese Unexamined Patent Application No. Hei 7(1995)- 
315459, and International publication Number: 
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PCT/W097/21247, pp. 15-20, Figs. 1 to 5) • 



Summary of the Invention 

However, the present inventors have found the 

following problemsy^^a=a=fco the design technology^ for fetes- x i^^^f^ 

^ 

That is, when another semiconductor device ithaty^ 



semiconductor device. 



notj^use substrate bias circuits partially or wholly, 
is designedv while talcing QVQr |a semiconductor device 
ha^T . jrin g J substrate bias circuits ^ndorj^ design data, there 

is a need to re-design a^i wiring layout in an extensive 

Ik fl 

area of ^Semiconductor chip or each circuit cell that 

niOQtto not^^use the substrate bias circuits in order to fix 

/V 

substrate biases. Therefore, the time required to design 
the semiconductor device becomes long. fgluLb ^a drastic 



circuit modification is performed, each circuit of the 
semiconductor device must be re-evaluated after its 
design, and the time taken to evaluate it becomes long. 
As a result of . thoco , the TAT (Turn Around Time) of the 
semiconductor device becomes long. 

An object of the present invention is to provide a 
technology;^capable of fixing substrate biases without 
taking j^time . 

The above, other objects and novel features of the 
present invention will become apparent from the 
descriptioni^^ the present Specification and jjthe 
accompanying drawings. 
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A summary of a representative^ oaae of the invention!} 



disclosed in the present application will be explained in 
brief as follows: 

The present invention is provided wherein t when 
another semiconductor device^ that^ noods not j use substrate 
bias circuits partially or wholly, is designed while a 



talLinijji lu :i redesign da^3^ of a sem^onductor device ha Taring ^ 

substrate bias circuits, some ofjlwirings are changed in 
such a manner that a switch^for switching)^ whether 
substrate biases should be applied to circuit areas that 
need not use the substrate bias circuits, is made invalid, 
and power supply voltages are applied to circuit areas 
that need not use the substrate bias circuits. 



Brief Description of the Drawings 
Fig- 1 is a typical fragmentary plan view showing a 

semiconductor device discussed by the present inventors; 

Fig- 2 is yan uiii.juilbiiAuiluUijy view of one technique «sf;(a 

method of designing a semiconductor device^discussed by 



the present inventors; ii Hi- ft 

Fig. 3 is /^^^^ ^f^Vpl anrVtory view typicall - y depicting a 
semiconductor device illustrative of one embodiment of 
the present invention; . 

Fig. 4 is an overall plan view Sf^one example of a 
semiconductor chip constituting the semiconductor device 
sfea^^Sgj^The one embodiment of the present invention; 

Fig. 5 is a fragmentary enlarged plan view of an 
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area F shown in Fig. 4; 

Fig. 6 is an cr x|S laiiaLuiy j[ view typically showing a 
semiconductor chip constituting a semiconductor device 
discussed by the present inventors; 

Fig. 7 is an explanatory ji^view typically depicting a 
semiconductor chip constituting a semiconductor device 
illustrative of one embodiment of the present inventions- 
Fig. 8 is a fragmentary plan view of the 
semiconductor device showing the one embodiment of the 
present invention; 

Fig. 9 is a fragmentary plan view of the 
semiconductor device illustrative of the one embodim^nt 
of the present invention; 

Fig. 10 is a cross-sectional view taken along line 
Yl - Yl of Fig. 9; 

Fig. 11 is a cross-sectional view taken along line 
Y2 - Y2 of Fig. 9; 

Fig. 12 is a cross-sectional view taken along line 
Y3 - Y3 of Fig. 9; 

Fig, 13 is a fragmentary plan view of the 
semiconductor device showing the one embodiment of the 

present invention; a 

Fig. 14 is a n - 'fexpSlanatory iview typically showing a 




semiconductor device having an SRAM module chowin g 
another embodiment of the present invention; 

Fig. 15 is a circuit diagram depicting one example 
of a circuit configuration of a memory cell of the SRAM 
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module shown in Fig. 14; , . h 

Fig. 16 is an OKplanatogy view ^typically showing an 
essential part of a semiconductor device illustrative of 
a further embodiment of the present invention; 

Fig. 17 is^/ an GnplanQtoor^y viov^ illustrating indexes 
used upon determining whether a substrate bias power 
supply is made valid or invalid; 

Fig. 18 iS| ^ctfi explanatory view typically showing a 
semiconductor device illustrative of a still further 
embodiment of the present invention; 

Fig. 19 is a fragmentary plan viewof a 
semiconductor substrate fo-L dc^crilDl ftg^a method of 
designing a semiconductor device^ according to a still 
further embodiment of the present invent ioiji^^^^^^^ 

Fig. 20 is a fragmentary plan vievTISSt^the method of 
designing the semiconductor device, according to the 
still further embodiment of the present invention; and 

Fig. 21 iSj^a n cnplanQtory view typically showing a 
circuit configuration of a semiconductor device 
illustrative of a still further embodiment of the present 
invention. 



Detailed Description of the Preferred Embodiments 
Whenever circumstances requirejyiSF f or^convenience^ 
the followina embodiments^ iniii Irl^be described by 



§"i"ng GuS 




bcTtTTg dx u i i Jt l i Jinto a plurality of sections or embodiments^. 
However, unless otherwise specified in particular, thej^y^ 
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are not irrelevant to one another. One ((thereof has to do 
with modifications, details and supplementary 
explanations of some or all of the other. ^When reference 
is made to tln^ number of elements or the like (including 
the number of pieces, numerical values, quantity, range, 
etc) in ^the following embodiments, the number thereof is 
not limited to a specific number and may be greater than 
or less than or equal to the specific number^unless 
otherwise specified in particular and definitely limited 
to the specific number in principle. It is also needless 
to say that components (includingj^^ element or f ctctor ^steps, 
etc.) employed in the following embodiments are not 
always essential unless otherwise specified in particular 
and considered to be definitely essential in principle. 
Similarly, when reference is made to the shapes, 
positional relations and the like of the components or 
the like in the following embodiments, they will include 
ones substantially analogous or similar to their shapes 
or the like unless otherwise specified in particular and 
considered not to be definitely so in principle, etc. 
This is similarly applied even to the above-described 
numerical values and range, /j^Pref erred embodiments of the 
present invention will be described in detail based on 
the accompanying drawings. Those ©ccc*ij| having the same 
f unction in all^the drawings for dcocribing tho 
^=»mbQdJj ii CJ» fe s are respectively identified by the same 
reference numerals and their repetitive description will 
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be omitted, "in the present embodiments, a MIS-FET 
(including MOS-FET: Metal Oxide Semiconductor Field Effect 
Transistor as lower conception) shown as a field effect 
transistor is abbreviated as '^MIS", a p channel type 
MIS-FRT is abbreviated as "'pMIS'' and an n channel type 
MIS-FET is abbreviated as ""nMIS'% respectively* 
(Embodiment 1) 

Fig. 1 typically shows a fragmentary plan view of a 
semiconductor device discussed by the present inventors. 
The p£Si&&^^t figure shows, as an example, a nn9f?|^in which 
substrate bias circuits are required, 

A plurality of circuit cells BC, wirings Mia 
through Mli and M2a through M2f, and a slave switch 
circuit cell (hereinafter called jj^ switch circuit cell) SW 
are disposed over a main surface of a semiconductor 
substrate (hereinafter jcalled^substrate) IS. Circuit 
cells BC are cells^each of which constitutes an internal 
circuit of the semiconductor device. For convenience 
herein, a group of a plurality of the circuit cells BC 
arranged side by side along the horizontal direction (X 
direction: first direction) in Fig. 1 will be referred to 
as a circuit cell row. The circuit cell row is disposed 
over the main surface of the substrate IS in plural 
stages along the vertical direction (Y direction: second 
direction) in Fig. 1. A basic gate circuit like, for 
example, an inverter circuit INV or the like is formed in 
each circuit cell BC. The inverter circuit INV has a pMIS 
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Qp and an nMIS Qn series-connected between wirings Mlb 
and Mli. The pMIS Qp is disposed in an n well NW, and the 
nMIS Qn is disposed in a p well VMIi 'I i ii [if ni " n ' ji 

The wirings (first wirings) Mia, Mlb, Mli, M2c and 
M2d are power supply wirings for driving the internal 
circuits of the semiconductor device. The wirings Mlb and 
M2d are power supply wirings for supplying a relatively 
high power supply potential Vdd, and the wirings Mia, Mli 
and M2c are power supply wirings for supplying a 
relatively low power supply potential (hereinafter calledj^^ 
reference voltage for distinction) Vss. The power supply 
potential Vdd is about 1.5V, for example. Also the 
reference potential Vss is a ground potential 
corresponding to 0 (2ero)V, for example. The wirings Mia, 
Mlb and Mli are formed in a first wiring layer. Here, 
portions extending along an X-direction wiring channel 
are illustrated as the wirings Mia, Mlb and Mli. The 
wiring (Mlb) for the supply of the power supply potential 
Vdd and the wirings (Mia and Mli) for the supply of the 
reference potential Vss are disposed above and below the 
circuit cell row so as to interpose the circuit cell row 
therebetween. The wirings M2c and M2d are formed in a 
second wiring layer. Here, portions extending along a Y- 
direction wiring channel are illustrated as the wirings 
M2c and M2d. Further, .the wirings M2c and M2d are 
disposed in a state ^E^i^intersects*^ (orthogonal to) the 
wirings Mia, Mlb and Mli. 
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The wirings (third wirings) M2a and M2e are^ 
respectively. power supply wirings for supplying substrate 



bias potentials Vbn and Vbp. The substrate bias potential 
Vbn is about 1.5V, for example. The substrate bias 
potential Vbp is about 3V, for example. The wirings 
(second wirings) M2b and M2f arevrespectively^ signal 



controlling the turning on and off of switches of the 
switch circuit cell. The potential of the control signal 
Vbcn is about 1.5V, for example, and the potential of the 
control signal Vbcp is about 0 (zero) V, for example. The 
wirings M2a, M2e, M2b and M2f are formed in a second 
wiring layer. Here, portions extending along the Y~ 
direction wiring channel are illustrated as the wirings 
M2a, M2e, M2b and M2f . The wirings M2a, M2e, M2b and M2f 
are placed from side to side so as to interpose the 
wirings M2c and M2d therebetween- Incidentally, even 
though the wirings^ at which the power supply potential 
Vdd, the reference potential Vss, the substrate bias 
potentials Vbn and Vbp, and the control signals Vbcn and 
Vbcp shown in the drawingsj^used for the description 

of the embodiments (except for embodiments 3 and 4), are 



not j^^connected to one another in the drawings, they are 
electrically connected at any points or locations in a 
semiconductor chip . 

The switch circuit cell SW is a cell which 
constitutes a switch circuit for applying or unapplying 
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the substrate bias voltages to the n wells NW and p wells 
PW where the circuit cells are disposed. The switch 
circuit cell SW has a pMIS Qps and an nMIS Qns. The pMIS 
Qps has p type semiconductor regions 2P1 and 2P2 for the 



in an n well NW. The p type semiconductor regions 2P1 and 
2P2 are formed by introducing or implanting, for example, 
boron (B) into the n well NW. One semiconductor region 
2P1 is electrically connected to the wiring Mlc through 
contract ^holes CTl. The wiring Mlc is further 
electrically connected to the wiring M2d via a through 
hole THl, The other semiconductor region 2P2 is 
electrically connected to the wiring (third wiring) Mle 
through contact holes CT2. The wiring iyile is electrically 
connected to the wiring M2e via a through hole TH2 . In 
^the moanwhilo , the wiring Mle is electrically connected 
to type semiconductor regions 4N disposed in the switch 
circuit cell SW and the respective circuit cells BC 



the n wells NW therethrough. The gate electrode 3G1 is 
electrically connected to the wiring Mid. The wiring Mid 
is electrically connected to the wiring M2f via a through 
hole TH3. When such a pMIS Qps is turned off, the 
substrate bias potential Vbp is applied to the n wells NW, 
so that the threshold voltages of the pMISs Qp of the 
respective circuit cells BC can be rendered high, thus 





through a contact hole CT3 j and^electrically connected to 
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sources and drains of the pMISs Qp. As a result, an 
increase in power consumption can be suppressed, and a 



be suppressed. On the other hand, when the pMIS Qps is 
turned on, the power supply potential Vdd is applied to 
the n wells NW, so that the threshold voltages of the 
pMISs Qp of the respective circuit cells BC can be 
reduced, thus making it possible to increase the 
operating speeds of the pMISs Qp, 

The nMIS Qns has n type semiconductor regions 2N1 
and ^2N2 for the source and drain and a gate electrode 3G2 
an3JTs disposed in a p well PW. The n type semiconductor 
regions 2N1 and 2N2 are formed by introducing, for 
example, phosphor (P) or arsenic (As) into the p well PW. 
One semiconductor region 2N1 is electrically connected to 
the wiring (third wiring) Mlf through contact holes CT4 . 
The wiring Mlf is electrically connected to the wiring 



Mlf is electrically connected to p"*" type semiconductor 
regions 4P respectively disposed in the switch circuit 
cell SW and the respective circuit cells BC through a 
contact hole CT5^ an3"j[electrically connected to the p 
wells PW therethrough. The other semiconductor region 2N2 
is electrically connected to the wiring Mlh through 
contact holes CT6. The wiring Mlh is electrically 
connected to the wiring M2c via a through contact TH5. 
The gate electrode 3G2 is electrically connected to the 




M2a via a through hole TH4 . 




the wiring 
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wiring Mlg. The wiring Mlg is electrically connected to 
the wiring M2b via a through hole TH6. When such an nMIS 
Qns is turned off, the substrate bias potential Vbn is 
applied to the p wells NW, so that the threshold voltages 
of the nMISs Qn of the respective circuit cells BC can be 
rendered high, thus making it possible to suppress isg^sfe^ 
currents between the sources and drains of the nMISs Qn. 
As a result, an increase in power consumption can be 
suppressed, ^and a thermal runaway caused by the 33s^®!i^ ^JU^J*-»y> 
current stj^testing can be suppressed. On the other hand, 
when the nMIS Qns is turned on, the power supply 
potential Vss is applied to the p wells PW, so that the 
threshold voltages of the nMISs Qn of the respective 
circuit cells BC can be reduced, thus making it possible 
to increase the operating speeds of the nMISs Qn. 



Incidentally, the wirings Mlc throuoh Mlh are wirings 
formed in the first wiring layer^ and^f ormed so as to 
extend in the X direction. 

Meanwhile, the next-generation semiconductor 
devices might often be designed while following some or ^ 
majority of desian data for a predetermined semiconductor 
device ij rpm y^eml^nductor device's design. In such a case, 
however, substrate bias circuits might not be needed 
partially or wholly. As one method in such a case, ^^t^B^^ 
i© — kmsr^ms as shown in Fig. 2,jya method for eliminating 
wirings M2a, M2b, M2e and M2f shown in areas A and Bjeach 
constituting the substrate bias circuit, and a switch 
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circuit cell SW shown in an area C and adding wirings in 
areas D^every^circuit cells BC. In the case of this 
method, however, there is a need to re-design wiring 
layout with the elimination of the areas A and B and 
perform a design change for eliminating the area 
although the semiconductor device can be designed in a 
short period of time as compared with re-designing all 
from the beginning. In addition, the wirings are added to 
700 to 1200 circuit cells BC, Therefore, the time 
required to design the semiconductor device becomes long. 
Further, since such a substantial circuit modification 
that- ^the wirings are added /^everyj^circuit cells BC^ is 
performed, the electrical characteristic greatly changes 
too. Therefore, the respective circuits of the 
semiconductor device must be re-evaluated after its 
design, and^hence^ the time required to evaluate each 
circuit also becomes long. As a result of thco - e , the TAT 
(Turn Around Time) ^ of the semiconductor device becomes 
long. 

Thus, in the present embodiment, when design data 
for ( ii tT uTr ^semiconduct or device is created while following 
the design data for the predetermined semiconductor 
device, the substrate bias circuits remain unchanged, and 
the on/off switching operation of the switch circuit cell 
SW is made invalid (still kept in an on state or off 
state) upon operation of the semiconductor device^ such 
that the on/off switching operation thereof is not 



14 



performed. Further, ^part of the wiring connections is 
changed in such a manner that the voltages supplied to an 
n well NWL and a p well PWL of each circuit cell BC are 
fixed. Fig. 3 shows a specific example thereof. erp& 
change|[ with respect to Fig. 1 'i5^;\onlyAa portion 
equivalent to an area E. That is, the wiring M2f and the 
wiring Mia are electrically connected via through holes 
TH7 at an intersecting point thereof. Thus, since the 
reference potential Vss is applied to the gate electrode 
3G1 of the pMIS Qps of the switch circuit cell, the pMIS 
Qps is always held on, so the switch operation is made 
invalid. Further, the wiring M2b and the wiring Mlg are 
electrically connected via through holes TH8 at an 
intersecting point thereof. Thus, since the power supply 
potential Vdd is applied to the gate electrode 3G2 of the 
nMIS Qns of the switch circuit cell, the nMIS Qns is 
always held on so that its switch operation is made 
invalid. Further, the wiring M2e and the wiring Mlb are 
electrically connected via through holes TH9 at an 
intersecting point thereof. Thus, since the power supply 
potential Vdd is applied to the wiring Mle, the n well NW 
of each circuit cell BC is fixed to the power supply 
potential Vdd. Also the wiring M2a and the wiring Mia are 
electrically connected via through holes THIO at an 
intersecting point thereof. Thus, since the reference 
potential Vss is applied to the wiring Mlf, the p well PW 
of each circuit cell BC is fixed to the reference 
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potential Vss. Thus, in the present embodiment, the 
switch operation of the switch circuit cell SW can be 
invalidated^by orrrtg^ the placement of the through holes 
(connecting holes) TH7 through THIO without modifying the 
layout of the circuits and wirings. Besides, the 
potentials of the n wells NW and p wells PW of a 
plurality of the circuit cells BC can be fixed to the 
power supply potential. In the case of the design 
technique described;^^^ Fig. 2, about two weeks are taken 
to change the designfl j whereas^ according to the present 
embodiment, only one cell library enables the design, and 
the time required for the design change can be almost 
brought to naughtv because there is no need to design a 
new cell library. Therefore, tisa QTAT (Quick Turn Around 



Time) for the design of the semiconductor device is 
enabled. Since there is no need to modify the wirings at 
each circuit cell BC, it is also unnecessary to re- 
evaluate the circuit of each circuit cell BC. Owing to 
these, the next-generation semiconductor device^ which 
follows portions that obtain high evaluations in terms of 
the reliability and performance of the previous- 
generation semiconductor device, as they are, can be 
manufactured in a short period of time. 

A further specific ease example of the semiconductor 
device according to the present embodiment will ^s^spt be 
explained with reference to Figs. 4 through 13. Fig. 4 
shows one ctii iii i 'i l I ' l 1 1 f an overall plan view of a 
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semiconductor chip IC constituting^the semiconductor 
device according to the present embodiment. Fig. 5 shows 
a fragmentary enlarged plan view of an area F shown in 
Fig. 4. 

The semiconductor device according to the present 
embodiment is an electronic component like a general- 
purpose IC or ASIC (Application Specific IC) or the like ^ 
employed in electronic equipment^ like a cellular phone, 
a digital camera or a personal computer or the like. A 
plane square or quadrangular internal circuit area CAl is 
disposed in the center of a plane square semiconductor 
chip IC constituting the present semiconductor device. A 
plurality of macro cells MCs are disposed in the internal 
circuit area CAl. A plurality of circuit cell rows BCR 
are placed in each macro cell MC so as to be ^ laid and 
packed along X and Y directions as shown in Fig. 5. In 
each circuit cell row BCR, a plurality of circuit cells 
are placed side by side along the X direction as 
described above. Switch circuit cells SW are disposed 
every circuit cell row|J^ BCR. With connections of 
respective circuit cells BC in such circuit cell rows BCR, 
logic circuits like, for example, DSP (Digital Signal 
Processors) or the like, and memory circuits like, for 
example, RAMs (Random Access Memories) , ROMs (Read Only 
Memories)or the like are formed in the respective macro 
cells MC. A plurality of processors or the like in the 
internal circuit area CAl perform parallel processing 



17 



while simultaneously sharing a large number of 
instructions and data to enhance the processing 
performance, thereby making it possible to process 
desired processing^ like graphic processing or the like^in 
real time at high speed. 

A peripheral circuit area CA2 is disposed between 
the outer periphery of the internal circuit area CAl and 
the outer periphery of the semiconductor chip IC^both 
shown in Fig. 4. Wirings RMl and RM2 are disposed so as 
to surround the outer periphery of the internal circuit 
area CAl. The wirings RMl and RM2 are go-around or 
orbital wirings f or l^internal circuit. Of these, the 
wiring RMl has wirings M3a, M3b, M3e and M3f for 
substrate bias circuits. The wiring M3a is a wiring 
electrically connected to the wiring M2a, to which the 
substrate bias potential Vbn is applied. The wiring M3b 
is a wiring electrically connected to the wiring M2b, to 
which the control signal Vbcn is applied. The wiring M3e 
is a wiring electrically connected to the wiring M2e, to 
which the substrate bias potential Vbp is applied. The 
wiring M3f is a wiring electrically connected to the 
wiring M2f, to which the control signal Vbcp is applied. 
On the other hand, the wiring RM2 includes wirings M3c 
and M3d for powef^s u'ppnl ^gs . The wiring M3c is a wiring 
electrically connected to the wiring M2c, to which the 
power supply potential Vss is applied. The wiring M3d is 
a wiring electrically connected to the wiring M2d, to 
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which the power supply voltage Vdd is applied. The 
wirings M3a through M3f are formed in a third wiring 
layer located above the wirings M2a through M2f. In the 
peripheral circuit area CA2j^shown in Fig. 4, a plurality 
of input/output circuit cells I/O are disposed around the 
outer peripheries of the wirings RMl and RM2j(side by side 
along the outer periphery of the semiconductor chip IC. 
The input /output circuit cells I/O are divided into 
signal input/output circuit cells I/Os and power-supply 
input/output circuit cells I/Ov. Various interface 
circuits^ like a protection circuit for prevention of 
electrostatic breakdown^ etc. in addition to, for example, 
an input circuit, an output circuit, or an input/output 
bidirectional circuit^are formed in the signal 
input/output circuits I/O^respectively . A substrate bias 
power supply circuit is disposed in an area for each 
input/output circuit cell I/O. Further, a plurality of 
pads PD are disposed around the outer peripheries of the 
input/output circuit cells I/O in the peripheral circuit 
area CA2 of Fig. 4 ^^side by side along the outer periphery 
of the semiconductor chip IC. The pads PD include signal 
pads and power supply pads. The pads PD are disposed 

j^^input/output circuit cell|> I/O referred to above. 



The signal pads PD are disposed for the signal 
input/output celHl 1/Os, and the power supply pads PD are 
disposed for the power-supply input/output circuit cells 
I/Ov. The pads PD may be disposed in^zigzag^. Thus, 
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since a larger number of the pads PD can be disposed in 
small areas, a semiconductor device that needs a number 
of pins can be reduced in size* r I 

I^^^ Fig. 6 4 5ypi - ea!jfe 3»y shows a |semiconductor chip 
IC where a substrate bias circuit is used. Symbol Vbb 
designates a substrate bias system potential^ref erred to 
as a generic name for the substrate bias potentials Vbn 
and Vbp and control signals Vbcn and Vbcp. Symbol MS 
designates a substrate bias power supply circuit. The 
substrate bias power supply circuit MS is electrically 
connected to a switch circuit cell SW through wirings RM2 
and RMl. Input/output circuit cells I/O for supplying a 
substrate bias control signal are electrically connected 
to the switch circuit cell SW through the wiring RMl. 
Thus, the application or non-application of the substrate 
bias voltages to each circuit cell BC can be controlled 
(see an area G shown in Fig. 6). 

On the other hand. Fig. 7 -^sg^s^gi©?!^^- shows a ^i^^5;dd:Z 
semiconductor chip IC where a substrate bias circuit is 
not used as a whole. In Fig. ^^^s compared with Fig. 6, 
substrate bias power supply circuit MS is disconnected 
f romj^wirings RM2 and RMl. The wiring RMl is not connected 
to a switch circuit cell SW. The wiring RM2 for a power 
supply potential Vdd and a reference potential Vss is 
connected to the switch circuit cell SW. substrate 
potential for each circuit cell BC and each input/output 
circuit cell I/O is fixed to the power supply potential 
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Vdd and the reference potential Vss (see the area G shown 
in Fig. 7). In this case, the substrate bias power supply 
circuit)^ can be eliminated. Since large MISs, each of 
which belongs to a high-withstand system and 
relatively thick ^ gate insulating film, are used as 
MISs constituting the substrate bias power supply 
circuital MS, the ^^S^current is small. Since the 
substrate bias power supply circuit can be disconnected 
from the whole circuit in the case of 1*^ semiconductor 
device wherein the substrate bias circuit is not used as 
a whole, the power consumption of the semiconductor 
device can be reduced. 

^ Tj Fig. 8 shows a specific example of the design 
change method of Fig. 7 where no substrate bias circuit 
is used. Symbol CA3 designates a go-around or orbital 
wiring area for ^internal circuit, and symbol CA4 
indicates an input /ou^ut circuit area|-gr i n'[ini 'Lrru lIj^. 

First of all, Sjj^design change of an area E by 
w^ing connections in the present embodiment is identical 
tofyone mentioned above. A wiring M2a is electrically 
connected to a wiring M3a via a through hole THll, a 
wiring M2b is electrically connected to a wiring M3b via 
a. through hole TH12, a wiring M2c is electrically 
connected to a wiring M3c via a through hole TH13, a 
wiring M2d is electrically connected to a wiring M3d via 
a through hole TH14, a wiring M2e is electrically 
connected to a wiring M3e via a through hole TH15, and a 
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wiring M2f is electrically connected to a wiring M3f via 

a through hole Till i ii i I i \ 'I j Owing to such wiring 

connections, a substrate potential for each circuit cell 
row in an internal circuit area CAl|f and a substrate 
potential for each input/output circuit cell I/O in a 
peripheral circuit area CA2 can be fixed to power supply 
potentials Vdd and Vss. According to the present 
embodiment, since the time taken to perform the above 



design change can be almost brought to naught, ^fe^ QTAT 
for^design of the semiconductor device is enabled. Since 
there is no need to modify the wirings at each circuit 
cell BC and input/output circuit cell I/O, it is also 
unnecessary to re-evaluate circuits for each circuit cell 
BC and input/output circuit cell I/O. Owing to these^, the 
next-generation semiconductor device^ which follows 
portions that obtain high evaluations in terms of the 
reliability and performance of the previous-generation 
semiconductor device, as they are, can be manufactured in 
a short period of time, . 1/ « ii ^ 

Next, a design change -af^^an area H by wiring 
connections in the present embodiment is identical in 
purpose to the wiring connections indicated by the area E 
and shows that a substrate bias system potential Vbb is 
fixed to a power supply potential Vdd and a reference 
potential Vss in the areas for the input/output circuit 
cells I/O. Wiring M^ g through M3n designate ^^-around or 
orbital wirings for j^nput/output circuits^ and ^extend and 
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are disposed along the outer periphery of a semiconductor 
chip IC so as surround the internal circuit area CAl . In 
the present example^ the wirings M3g through M3n are 
formed in^ for example, a third wiring layer. The wiring 
M3g is essentially a wiring to which a control signal 
Vbcn is applied. The wiring M3h is essentially a wiring 
to which a substrate bias potential Vbn is applied. 
Further, the wiring M3i is essentially a wiring to which 
the control signal Vbcn is applied, and the wiring M3j is 
essentially a wiring to which the substrate bias 
potential Vbp is applied. Also the wirings M3k through 
M3n are J respectively^ wirings to which the substrate 
potential Vss, power supply potential Vdd, reference 
potential Vssl and power supply potential Vcc are applied, 
Of these, the outermost peripheral wirings M3n and M3m 
are 3.3V-system power supply wirings. The power supply 
potential Vcc is set to, for example, about 3.3V, and the 
reference potential Vssl is set to, for example, 0 
(zero)V corresponding to a ground potential. In the 
present embodiment herein, the wiring iyi3g for the control 
signal Vbcn is connected to a wiring M2g via a through 
hole TH17^ and^ further^ the wiring M2g is electrically 
connected to the wiring M3d via through holes TH18, 
whereby the wiring M3g per se is fixed to the power 
supply potential Vdd. The wiring M3h for the substrate 
bias potential Vbn is connected to a wiring M2h via a 
through hole TH19| andj f urther^ the wiring M2h is 
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electrically connected to the wiring M3c via through 
holes TH20, whereby the wiring M3h per se is fixed to the 
reference potential Vss. The wiring M3i for the control 
signal Vbcp is connected to a wiring M2i via a through 
hole TH21j and^ f urther^the wiring M2i is electrically 
connected to the wiring M3c via through holes TH22^ 
whereby the wiring M3i per se is fixed to the reference 
potential Vss. Further, the wiring M3i for the substrate 
bias potential Vbp is connected to a wiring M2j via a 
through hole TH2 3^ and^ further^ the wiring M2j is 
electrically connected to the wiring M3d via through 
holes TH24, whereby the wiring M3j per se is fixed to the 
power supply potential Vdd.'^In the present embodiment as 
described above, the substrate potentials for all circuit 
cells BC and all input/output circuit cells I/O in the 
internal circuit area CAl of the semiconductor chip IC 
can be fixed to the power supply potential Vdd and the 
reference potential Vss by limiting -bi*© modification of 
wiring layout to the minimum and simply changing the 
connections at one point of the area H. j^-irW i cqa a ^ . ^ven in 
this case, J^the time taken to perform the design caii^^^^ 
shortened as compared with re-execution of thej^design 
for the semiconductor device, teteejv^QTAT for the design of 
the semiconductor device is enabled. Since there is no 
need to modify the wirings at each circuit cell BC and 
input/outpu^circuit cell I/O, it is also unnecessary to 
re-evaluate lycircuits for each circuit cell BC and 
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input/output circuit cell I/O, Accordingly, the next- 
generation semiconductor device^ which follows portions 
that obtain high evaluations in terms of the reliability 
and performance of the previous-generation semiconductor 



device, as they are, can be manufactured in a short 

owevei 

A 



period of time. JOLti^ug fey fttowever, kthe change in 

A 

connection at only one point of the area H has been 
performed here, it may be performed at several points in 
a dispersed form. It is thus possible to stabilize the 
potentials supplied to the substrate IS. The wirings M3g 
through M3j for the substrate bias-system potential Vbb 
disposed in the peripheral circuit area CA2 may be 
electrically connected to the power-supply wirings M31 
and M3k disposed in the peripheral circuit area CA2 to 
fix the substrate potentials for the circuit cells BC and 



input/output circuit cells I/O. S'ifig^ However, it he power 
supply potentials to the input/output circuit cells I/O 
are supplied through the wirings M31 and M3k, there is a 
possibility that the power potentials to the input/output 
circuit cells I/O will change when the wirings M3g 
through M3j for the substrate bias-system potential Vbb 
are connected to the wirings M31 and M3k. It is therefore 
preferable that such a possibility will not be developed. 
The present embodiment shows where the wiring connections 
in both the areas E and H arej(de^. This is because the 
stability of the substrate potentials for the 
semiconductor chip IC can be improved by doing so. 
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However, it is not always necessary to perform the wiring 
connections in both the areas E and H. The substrate 
potentials can be fixed even by simply pm ■"r7 mi ' injj^the 
wiring connections in any one of the areas. Incidentally, 
the wirings M2g through M2j are wi^;"ings formed in, for 
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example, a second wiring layer^ and^formed so to extend in 
the Y direction. 

N"0,KtJ> Fig. 9 shows a specific example of the design 
change in the i^ernal circuit area CAl in Fig. 8. Even 
in this case, «pj^design change of areas El and E2 by 
wiring (through-hole) connections is identical to j^one 
referred to above. Wirings Mlj and Mlk are wirings for 
supplying substrate bias potentials Vbn and Vbp to n 
wells NW and p wells PW of respective circuit cells BC. 
They are formed in a first wiring layer nnrl fnrnir 1 so as 
to extend along the X direction- While the wiring Mlj is 
electrically connected to a wiring M2e via a through hole 
TH25 at a portion where it intersects the wiring M2e, it 
is connected to n*** type semiconductor regions 5N and 
electrically to the n wells NW through contact holes CT7, 
In the present embodiment, the wiring M2e is supplied 
with a power supply potential Vdd with the connection of 
the wiring M2e to a wiring Mlb for the power supply 
potential Vdd via through holes TH9. Therefore, the n 
wells NW of the respective circuit cells BC can be fixed 
to the power supply potential Vdd through the wiring Mlj 
electrically connected to the wiring M2e. While the 
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wiring Mlk is electrically connected to a wiring M2a via 
a through hole TH26 at a portion where it intersects the 
wiring M2a, it is connected to p"^ type semiconductor 
regions 5P and electrically to the p wells PW through 
contact holes CT8, In the present embodiment, the wiring 
M2a is supplied with a reference potential Vss with the 
connection of the wiring M2a to a wiring Mli for the 
reference potential Vss via through holes THIO. Therefore, 
the p wells PW of the respective circuit cells BC can be 
fixed to the reference potential Vss through the wiring 
Mlk electrically connected to the wiring M2a. Further, 
since the wirings M2a, M2b, M2e and^2f for the substrate 
bias-system potential Vbb can be ©=©|^to the power supply 
potential Vdd and the reference potential Vss, the 
substrate potentials for input/output circuit cells I/O 
in the same semiconductor chip can also be fixed to the 
power supply potential Vdd and the reference potential 
Vss. Thus, since the fixing of the substrate potentials 
for the circuit cells BC and input/output circuit cells 
I/O can be carried out by^only the layout or placement of 
the through holes TH9 and THIO in the present embodiment, 
it is possible to easily perform the change of design of 
from "bbej^^semiconductor device that needs fete substrate 
bias circuits to ttefy semiconductor device that needs no 
substrate bias circuits. Thus, the time required to 
design the semiconductor device can be shortened. Since 
there is no change^ in circuit connections in the circuit 
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cells BC and input/output circuit cells 1/0, there is no 
need to re-evaluate the respective circuit cells BC and 
input/output circuit cells I/O. Accordingly, the next- 
generation semiconductor device^ which follows portions 
that obtain high evaluations in terms of the reliability 
and performance of the previous-generation semiconductor 
device, as they are, can.be manufactured in a short 
period of time. 

Fig. 9 shows a case in which gate circuits like 
NAND circuits ND and NOR circuits NR or the like are * 
formed in the circuit cells BC. The NAND circuit ND ast ^ 
NOR circuit NR respectively have, for example, two pMISs 
Qpl and Qp2, and two nMISs Qnl and Qn2 . The pMIS Qpl has 
p type semiconductor regions 6P1 and 6P2 for the source 
and drain, and a gate electrode 3G3. The pMIS Qp2 has p 
type semiconductor regions 6P3 and 6P4 for the source and 
drain, and a gate electrode 3G4 . Further, the nMIS Qnl 
has n type semiconductor regions 6N1 and 6N2 for the 
source and drain, and the gate electrode 3G3. The nMIS 
Qn2 has p type semiconductor regions 6N3 and 6N4 for the 
source and drain, and the gate electrode 3G4 . The 
respective circuits are respectively formed based on the 
layout of wirings MO and contact holes CT9 and CTIO in 
the undermost layer. 

One example of a vertical structure of Fig. 9 will 
now be explained with reference to Figs. 10 through 12. 
Fig'. 10 is a cross-sectional view taken along line Yl - 
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Yl of Fig, 9, Fig. 11 is a cross-sectional view taken 
along line Y2 - Y2 of Fig. 9, and Fig, 12 is a cross- 
sectional view taken along line Y3 - Y3 of Fig. 9n 
rocpootivoly .^ A substrate IS is made of, for example, p- 
type silicon (Si) monocrystalline. For example, trench- 
type separators are formed over a main surface (device 
forming surface) of the substrate IS. The separators 7 
are formed by embedding ^silicon oxide film (Si02 or the 
like) into trenches formed in the substrate IS. As an 
alternative to each trench-type separator 7, the 
separation section may be formed by a field insulating 
film formed by a LOCOS (Local Oxidization of Silicon) 
method. The afescrffe pMISs Qps, Qpl, and Qp2 and nMISs Qns, 
Qnl and Qn2 are formed in active regions defined by the 
separators 7. The pMISs Qps, Qpl, Qp2 and nMISs Qns, Qnl 
and Qn2 respectively have gate insulating films Breach 
made of, for example, fete^ silicon oxide film or the like 
between the substrate IS and the gate electrodes 3G1 
through 3G4v in addition to the above configuration. Cap 
insulating films 9j each made of, for example, febe* silicon 
oxide film, are formed over the gate electrodes 3G1 
through 3G4 . Sidewalls 10 made of, for example, fete^ 
silicon oxide film are formed over the sides of the gate 
electrodes 3G1 through 3G4 and the sides of the cap 
insulating films 9 placed thereover. 

Wiring layers are formed over the main surface of 
the substrate IS. The wiring layers are formed as a 
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damascene wiring structure, for example. The damascene 
wiring structure is a structure wherein embedded 0rings 
are formed in wiring openings like trenches or holes or 
the like defined in an insulating film. The present 
structure is formed by, for example, depositing a 
conductive film over the insulating film formed with the 
wiring openings and thereafter removing the conductive 
film by polishing or the like by means of a chemical 
mechanical polishing (CMP) method so that the conductive 
film is left within the wiring openings alone. In the 
present embodiment, insulating films 11a through Hi, 
wirings MO and Ml and plugs PLl corresponding to some of 
the wiring layers are illustrated. The relatively thin 
insulating films 11a, 11c, He, llg and Hi are 
respectively made of, for example, a silicon nitride film, 
and the relatively thick insulating films lib, lid, llf 
and llh are respectively made of, for example, a silicon 
oxide film. The wiring MO and plug PLl respectively have 
a structure wherein a thin barrier conductive film made 
of, for example, titanium nitride (TiN) or the like is 
formed over the outer periphery (sides and bottom 
surface) of a thick conductive film made of, for example, 
tungsten (W) or the like. Each wiring Ml has a structure 
wherein a thin barrier conductive film made of, for 
example, tantalum (Ta) , tantalum nitride (TaN) , titanium 
(Ti) or titanium nitride (TiN) , or a laminated film or 
the like of films of two or more selected from these is 
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formed over the outer periphery (sides and bottom 
surface) of a thick conductive film made of, for example, 
copper (Cu) or the like. The layers other than the 
undermost or bottom layer and the top layer are 
constituted with copper similar to the wirings Ml of the 
first wiring layer as a main wiring material. The wirings 
Ml are respectively electrically connected to the 
substrate IS via the wirings MIO. 

WbiALi Fig. 13 shows a specific example of the 
design change in the peripheral circuit area CA2 of Fig. 
8. Symbol CAS in Fig. 13 indicates a low threshold area 
in which MISs relatively low in threshold voltage are 
disposed, and symbol CA6 indicates a high threshold area 
in which MISs relatively high in threshold voltage are 
disposed. 



Even in this case, a^j^change of design of an^ area H 
by wiring connections is identical tojione referred to 
above. In an area of an input/output circuit cell I/O at 
one location or spot, a substrate bias-system potential 
Vbb is connected to wirings for a power supply potential 
Vdd and a reference potential Vss, so that the substrate 
bias-system potentials Vbb for all circuit cells BC in an 
internal circuit area CAl and all input/output circuit 
cells I/O in a peripheral circuit area CA2 can be fixed 
to the power supply potential Vdd and the reference 
potential Vss. It is thus possible to easily perform t±fe >^ 
change of design ^ from a semiconductor device that 
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needs substrate bias circuits to a semiconductor device 
that needs no substrate bias circuits. Thus, the time 
required to design the semiconductor device can be 



1 be 
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shortened. Since the wiring Tn/>>r4-i -F-i r-^a-h -i r>M m^^^ [ spot 
and there is no changef in j^connections in the circuit 
cells BC and input/output circuit cells I/O per se, there 
is no need to re-evaluate the respective circuit cells BC 
and input/output circuit cells I/O. Accordingly, the 
next-generation semiconductor device^ taking over, as they 
are, portions that obtain high evaluations in terms of 
the reliability and performance of the previous- 
generation semiconductor device^ can be fabricated in a 
short period of time. 

Each of the input/output circuit cells I/O . J 

collectively include a series of circuits necessary for^ 
the interface between an internal circuit and the outside. 
The interface between an external signal (e.g., 3.3V) and 
an internal signal (e.g., 1.5V) is performed via the 
input/output circuit cell I/O. Therefore, it is necessary 
to dispose the input/output circuit cells I/O in the 
vicinity of pads PD and supply at least two types of 
power supply voltages to the input/output circuit cells 
I/O. protejction circuit area ESD is an area in which a 
circuit^for protecting the internal circuit from an 
excessive voltage like electrostatic breakdown or the 
like. In the present embodiment, protective diodes are 
illustrated as a protection circuit. An input buffer 
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circuit area IB and an output buffer circuit area OB are 
areas in which buffer circuits necessary for the 
interface between internal circuits and the outside are 
disposed. They operate at a power supply voltage of about 
3.3V, for example. A level shifter circuit area LSI for 
input is an area in which a circuit for converting a 
voltage level of an input signal to a voltage level at 
each internal circuit is disposed. The level shifter 
circuit area LSI has, for example, a portion operated at 
a power supply voltage of about 1.5V, and a portion 
operated at a power supply voltage of about 3.3V. On the 
other hand, a level shifter circuit area LS2 for output 
is an area in which a circuit for converting a voltage 
level of a signal outputted from the internal circuit to 
a voltage level at the outside is disposed. The level 
shifter circuit area LS2 has, for example, a portion 
operated at a power supply voltage of about 1.5V, and a 
portion operated at a power supply voltage of about 3.3V. 
Switch circuit cells SWj each having a configuration 
similar to the above^ are disposed in the level shifter 
circuit areas LSI and LS2 of the respective input/output 
circuit cells I/O. pMISs constituting the circuits in 
each peripheral circuit areas CA2 are disposed in n well 
regions, and nMISs are disposed in p well regions, n 
wells and p wells in the peripheral circuit areas CA2 are 
circularly disposed along the outer periphery of a 
semiconductor chip IC. 
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-fe^ embodiment 2 'will^ ojiplain an example in 



which^ since there is a case in which substrate biases are 
used in pMISs and nMISs of each memory cell even in the 
case of a memory circuit like an SRAM (Static Random 
Access Memory) or the like, substrate bias circuits in 
such a case are invalidated. . 



semiconductor device having an SRAM module SRM, and Fig. 
15 is a circuit diagram showing one example of a circuit 
configuration of each memory cell SMC of the SRAM module 
SRM shown in Fig. 14. The SRAM module SRM will first be 
explained. ^The SRAM module SRM has a memory cell array 
MCA, a row decoder circuit area CD, an indirect 
peripheral circuit area PC, a column decoder circuit area 
RD, a sense amplifier circuit area SA, and an 
input /output circuit cell I/Om lying within the module. 
In the memory cell array MCA, a plurality of the memory 
cells SMC are disposed in the neighborhood of 
intersecting points of word lines WL and bit lines BLl 
and BL2. For instance, a 6 MIS type memory cell SMC is 
illustrated in Fig. 15. That is, the memory cell SMC 
includ^drive nMISs Qnd, load pMISs Qpl, and transfer 



nMISs Qnt^ which are respectively provided two by two. 
Each MIS of the input/output circuit cell I/O is set 
lower than that of the input/output circuit cell 1/0^ 
whose threshold voltage is driven at a power supply of 



Fig. 14 is an 03iplanQtos?y K view typically showing a 
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3.3V. In such an SRAM module SRM, substrate bias 
potentials Vbn and Vbp are supplied to wells for the 
respective MISs of the respective memory cells SMC, the 
row decoder circuit area CD, the indirect peripheral 
circuit area PC and the input/output circuit cell I/Om. 
Incidentally, mutually inverted signals are transmitted 
over the bit lines BLl and BL2 . Symbol CS indicates a 
chip select signal, and symbol AD indicates an address 
signal . 

Wirings and a substrate bias circuit system will 

next be described. A wiring M2k is a wiiging j| for supplying 

a power supply potential Vdd, and a wiring M2m is t^^^^ 

A, 

w -j Lging for supplying a r e^ferj nce potential Vss. A wiring 

M2n is essentially a wij.Js g/\for transmitting a control 

signal Vbcp for each substrate bias circuit. The wiring 

M2n is connected to a wiring Mlm via a through hole TH27 

and/^electrically connected to a gate electrode of a pMIS 

Qps of a switch circuit cell SW through the wiring Mlm. A 

wiring 2p is essentially a wiriag ^for transmitting a 

control signal Vbcn for each substrate bias circuit. The 

wiring 2p is connected to a wiring Mln via a through hole 

28 and^electrically connected to a gate electrode of an 

nMIS Qns of the switch circuit cell SW through the wiring 

Mln. A wiring M2q is essentially -^ o^^iriii^ f or supplying a 

>^ 

substrate bias potential Vbp and j^electrically connected 
to the gate of the switch circuit cell SW. A wiring M2r 
is essentially q v^iring ^for supplying a substrate bias 
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potential Vbn andj^electrically connected to the drain of 
the nMIS Qns of the switch circuit cell SW. These wirings 
M2k, M2m, M2n, and M2p through iyi2r are formed in a second 
wiring layer. Also the wirings Mlm and Mln are formed in 
a first wiring layer. Wirings Mlp and Mlq^ which 
intersect (are orthogonal to) these wirings W2k, M2m, M2n 
and M2p through M2r, are respectively v /lj^ngc ^ essentially 
for supplying the substrate bias potentials Vbp and Vbn 
to n wells of respective pMISs of the respective memory 
cells SMC, the row decoder circuit area CD, the indirect 
peripheral circuit area PC and the input/output circuit 
cell I/Om and p wells of respective nMISs thereof. The 
wiring Mlp is electrically connected to the wiring M2q 
via a through hole TH29, and the wiring Mlq is 
electrically connected to the wiring M2r via a through 
hole TH30- . Incidentally, although the wirings Mlp and Mlq 
for the memory cell array MCA are illustrated one by one 
to make it easy to seej^the drawings, a plurality of 
wirings Mlp and Mlq are actually j^ dioposod . 

The above-described configuration corresponds to 
Sdicte a configuration fetesFt^the semiconductor dev^^ which 
needs t*Fe substrate bias circuits originally has^. A 
description will be made here of an example in which 
substrate biases become unnecessary. In this case, a 
design change is made byj(^only the layout of wirings 
(through holes) in an area J in the present embodiment 2. 
That is, the wirings M2m and Mlm are electrically 



36 



connected to each other via through holes TH31. 
Consequently^ the pMIS Qps of the switch circuit cell is 
always held on so that its switch operation is 
invalidated. The wirings M2k and Mln are electrically 
connected to each other via through holes TH32. Thus, the 
nMIS Qns of the switch circuit cell is always held on so 
that its switch operation is invalidated. Further, the 
wirings M2k and Mlp are electrically connected to each 
other via through holes TH33. Thus, since the power 
supply potential Vdd is applied to the wiring Mlp, the n 
wells of the pMISs of memory cell array MCA, ^row 

de(^der circuit area CD, /indirect p^e^ipheral circuit area 
PC, /column decoder circuit area RD,j sense amplifier 
circuit area SA, /^input/output circuit cell I/Om lying 
within the module are fixed to the power supply potential 
Vdd. The wirings M2m and Mlq are electrically connected 
to each other via through holes 34. Thus, since the 
reference potential Vss is applied to the wiring Mlq, the 
p wells PW of the nMISs of the memory cell array MCA, ;( row 



decoder circuit area CD, ^indirect peripheral circuit area 
PC, J column decoder ^circuit area RD,; sense amplifier 

circuit area SA, j^input/output circuit cell I/Om lying 
within the module are fixed to the reference potential 
Vss. 

In the present embodiment as described above, the 
switch operation of the switch circuit cell SW can be 
invalidated and the potentials of the. n and p wells of 
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the SRAM module SRM can be fixed by only j^thc Itiyout of 
the through holes (connecting holes) TH31 through TH34 
without modifying the layout of the circuits and wirings. 
Thus, since the time taken to perform the design change 
of the semiconductor device having the SRAM can be almost 
brought to naught, -ttx^j^QTAT (Quick Turn Around Time) f or ^ 
design thereof is enabled. Since there is no need to 
modify the wirings at the SRAM module SRM, it is also 
unnecessary to re-evaluate circuits for the SRAM module 
SRM, Owing to thes^, the next-generation semiconductor 
device having an SRAM module can be fabricated in a short 
period of timejin a state of taking over points that 
obtain high evaluations in terms of the reliability and 
performance of the previous-generation semiconductor 
device having an SRAM module, as they are. 

(Embodiment 3) ^c^^^^^^^-if^ 

The pxd^iit embodiment 3 will^^ cKplOM i an example in 
which the supply of substrate bias power GupplicG to only 
some circuit areas of a plurality of circuit areas (macro 
cells or modules) in a semiconductor chip is made valid, 
and/^substrate bias power uLi^ .ij.i] j 1: 0 f or jj^other circuit areas 
a-^^fixed to a power supply potential and a reference 
potential or the like to invalidate them. 

Fig. 16 typically shows an essential part of a 
semiconductor device according to the present embodiment 
3. For example, an input/output circuit cell I/O, an 
interrupt voltage controller IVC, a substrate bias 
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controller VBBC, a clock generator CLK, ofete^j( controller 
UCL, a central processing unit CPU, a ROM module ROM, a 
first SRAM module SRMl, a digital-to-analog circuit D/A, 
a DMA (Direct Memory Access Controller) controller DMAC, 
an analog-to-digital circuit A/D, and a second SRAM 
module SRM2 constructing an SOC (System On Chip) are 
shown in the pro c oF rt: drawing. Symbol BUS indicates an 
address/data bus Mirxn^s, and symbol COS indicates a 
control signal wiring. 

Substrate biases are applied to the respective 
circuits in an area and no substrate biases are 
applied to the circuits in areas other than the area K. 
Substrate potentials are fixed to a power supply 

potential Vdd and a reference potential Vss in a manner 

Ik- 
similar to the embodiments 1 and 2. -I^^method of designing 

a circuit group (circuit group which invalidates the 
substrate bias power supplies) that does not use 
substrate bias circuits is identical to the embodiments 1 
and 2. The present embodiment shows, as an example, a 
case in which the substrate biases are fixed with areas L 
and M in the same manner as mentioned above. Namely, as 
to the input/output circuit cell I/O, a substrate bias- 
system potential Vbb for all input/output circuit cells 
I/O is fixed to the power supply potential Vdd and 
reference potential Vss at one spot in the area L. As to 
the circuit group for invalidating the substrate bias 
power supplies, the substrate bias-system potential Vbb 
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is fixed to the power supply potential Vdd and the 
reference potential Vss collectively at one spot in the 
area M. In any case, a substrate bias potential Vbn and a 
control signal Vbcp are fixed to the reference potential 
Vss, and a substrate bias potential Vbp and a control 
signal Vbcn are fixed to the power supply potential Vdd. 
On the other hand, as to a circuit group (circuit group 
for validating substrate bias power supplies) using 
substrate bias circuits, a substrate bias-system 
potential Vbb thereof is separated from the substrate 
bias-system potential Vbb of the circuit group for 
invalidating the substrate bias power supplies^ as 
indicated in an area N. That is, the substrate bias power 
supply systems are set so as to include two systems. Thus, 
even if the circuit group for validating the substrate 
bias power supplies and the circuit group for 
invalidating the same exist within the same semiconductor 
chip, the present embodiment is capable of flexibly 
coping with it. Accordingly, the present embodiment 3 is 
capable of obtaining an advantageous effect similar to ^ 
the embodiments 1 and 2. 

(Embodiment 4) (^j^y^^^^^^ 
The present embodiment 4 wi 11^ Explain an example in 
which substrate bias power supplies are made valid for 
predetermined elements of a plurality of elements within 
a semiconductor chip, and substrate bias power supplies 
for other elements are fixed to a power supply potential 
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or a reference potential or the like and made invalid. A 
description will now be made of a case in which substrate 
bias power supplies for pMIS or nMIS, for examplejare 
fixed. When the threshold voltage of the pMIS or nMIS is 
designedjjhigh, only substrate bias power supplies ofjpMIS 
orj\nMIS designed^low in threshold value are ma^e^^ alid to 
thereby control the threshold value of each MISilow in 
threshold value. It is thus possible to reduce j^power 
consumption of the semiconductor device. 

Fig. 17 shows indexes used upon determining whether 
the substrate bias power supplies are made valid or 
invalid. Incidentally, Vth in the figure means threshold 
values. When both nMIS and pMIS are high in threshold 
value, the substrate bias power supplies become 
unnecessary. In this case, the substrate bias-system 
potential Vbb (substrate bias potentials Vbn and Vbp and 
control signals Vbcn and Vbcp) for each of the nMIS and 
pMIS is fixed to the power supply potential Vdd and the 
reference potential Vss in a manner similar to the 
embodiments 1 through 3. When the nMIS is high in 
threshold value and the pMIS is low in threshold value, 
the supply of the substrate bias power supplies to the 
pMIS is required^ but the supply thereof to the nMIS is 
not needed. Therefore, the substrate bias-system 
potential Vbb (substrate bias potential Vbn and control 
signal Vbcn) for the nMIS is fixed to the power supply 
potential Vdd and the reference potential Vss in a manner 
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similar to the embodiments 1 through 3. When the nMIS is 
low in threshold value and the pMIS is high in threshold 
value, the supply of the substrate bias power supplies to 
the nMIS is needed but the supply thereof to the pMIS is 
not needed. Therefore, the substrate bias-system 
potential Vbb (substrate bias potential Vbp and control 
signal Vbcp) for the pMIS is fixed to the power supply 
potential Vdd and the reference potential Vss in a manner 
similar to the embodiments 1 through 3. Further, when 
both the nMIS and pMIS are low in threshold value, the 
substrate bias power supplies are necessary for both the 
nMIS and pMIS. 

Fig. 18 typically shows a specific example of the 
semiconductor device according to the embodiment 4 . 
Symbol Mdd indicates a wiring for supplying a power 
supply potential Vdd, symbol Mss indicates a wiring for 
supplying a reference potential Vss, symbols Mbpl and 
Mbp2 indicate wirings for supplying a substrate bias 
potential Vbp, symbol Mbnl indicates a wiring for 
supplying a substrate bias potential Vbn, and symbol Mbn2 
indicates a wiring provided to essentially supply a 
substrate bias potential Vbn. 

In the present embodiment, all of j^nMISs and pMISs 
for a central processing unit CPU, a control circuit CC 
and a memory control circuit^MMC^of a memory module MM 
are respectively set as MISs j^low in threshold value. 
nMISs for a memory cell array MCA2 of the memory module 
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MM are set as MlSsj^high in threshold value, and pMISs 
therefor are set as MISsj^low in threshold value. In this 
case, the substrate bias voltages are suitably applied to 
the nMISs and pMISs of the central processing unit CPU, 
control circuit CC and memory control circuit MMC of the 
memory module MM by use of a switch circuit cell SWl of a 
substrate bias circuit to thereby control the operations 
of their nMISs and pMISs, Substrate bias voltages are 
suitably applied to the pMISs of the memory cell array 
MCA2 of the memory module MM by use of a switch circuit 
cell SW2 of a substrate bias circuit to thereby control 
the operations of the pMISs. Upon standby of the 
semiconductor device, for example, the substrate bias 
power supplies are supplied to the nMISs and pMISs of the 
central processing unit CPU, control circuit CC and 
memory control circuit MMC of the memory module MM, and 
the pMISs of the memory cell array MCA to increase the 
threshold voltages, thereb|^ suppressing ieak^ currents . It 
is thus possible to reducejfpower consumption of the 
semiconductor device. On the other hand, since there is 
no need to supply the substrate bias-system potential Vbb 
to each nMIS of the memory cell array MCA2 of the memory 
module MM, the wiring Mbn2 for the substrate bias 
potential Vbn is connected to the wiring Mss to thereby 
fix its potential to the reference potential Vss. -jJUl 
Thus, in the present embod^ent^4, when the MISs<?{ 
low in threshold value and the MISs ^high in threshold 
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value exist in the same sem i^^duc tor chip, the substrate 
biases are applied to the MISs^low in threshold value to 
control their operations, whereas the sugg^ly^ of the 
substrate bias power supplies to the MISsAhigh in 
threshold value is made invalid. Thus, the loulu current 
can be suppressed with respect to the MISs|^low in 
threshold value. In the case of the MlSsj^^high in 
threshold value, the substrate bias circuits (power 
supplies and switches) can be separated from the whole 
circuit of the semiconductor device. It is therefore 
possible to reduce the v«feaiey\ power consumption of the 
semiconductor device. In the present embodiment 4, the 
design for invalidation of each substrate bias circuit 
can be performed in a short period of time^and its re- 
evaluation also beacasmey^ unnecessary in a manner similar to 
the embodiments 1 through 3. Even in the case of cmaih a 
semiconductor device^t±wfe the circuits that need the 
substrate bias circuit|(^ and the circuits thaty^need j^et 
the substrate bias circuit are provided over the same 
semiconductor chip, the time required to fabricate it can 
be shortened - 

(Embodiment 5) ^ ^S^^aj^jJ^m^ 
The prcciont embodiment v^ill ojL pla i n^a method of 
performing a design change by substituting each switch 
circuit cell with a connecting cell where substrate bias 
circuits are unnecessary. 

Fig. 19 typically shows a fragmentary plan view of 
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a semiconductor device prior to invalidation of each 
substrate bias circuit • The switch circuit cell SW is 
first deleted to invalidate the substrate bias circuits. 
Subsequently, a connecting cell^prepared in advance is 
taken out from a cell library and disposed in place of 
the switch circuit cell SW. Fig. 20 typically shows a 
fragmentary plan view of the semiconductor device after 
the connecting cell COC has been disposed. The connecting 
cell COC has information about through holes TH7 through 
THIO which connect a wiring M2a for a substrate bias 
potential Vbn to a wiring Mla for a reference potential 
Vss, connect a wiring M2b for a control signal Vbcn to a 
wiring Mlb for a power supply potential Vdd, connect a 
wiring M2e for a substrate bias potential Vbp to the 
wiring Mlb, and connect a wiring M2f for a control signal 
Vbcp to the wiring Mla, respectively. Therefore, all 
substrate bias circuits lying in a semiconductor chip can 



be invalidated by only laying out the connecting cell ^^^^ 
at one spot of a substrate IS. Of course, the connecting 
cell COC may be disposed at plural spots. When the 
present embodiment has circuits for invalidating the 
substrate bias circuits and circuits for non-invalidating 
the same, the connecting cell may be disposed at the 
switch circuit cell SW portion connected to a circuit 

group to be invalidated. ^ jXjfccT/^ 

According to the embodiment 5, feice^time required to 
design the semiconductor device is taken as compared with 
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the embodiments 1 through 4. However, as compared with 
the case in which the semiconductor device is re-designed 
Th^^sii, the time required to design the semiconductor 
device can be shortened and re-evaluation of each circuit 
can be eliminated, thereby making it possible to shorten 
the time required to design the semiconductor device. 
Since the switch circuit cell constituted of relatively 
large MlSs to perform a stable operation can be 
eliminated, the load can be reduced. Therefore, it is 
possible to reduce/^ power consumption of the semiconductor 
device and improve its operating speed. Further, the area 
for the switch circuit cell can be used as an area for 
disposing each circuit cell BC by a portion corresponding 
to the elimination of the switch circuit cell, the number 
of circuit cells BC can be increased without incurring an 
increase in the area of a semiconductor chip. It is thus 
possible to promote an increase in ^performance of the 
semiconductor device . 

(Embodiment 6) , 
The p resen t embodiment 6 v/i ll eKpiaifTi j^an example of 
a method of designing a semiconductor device having a 
configuration wherein power supply switches are inserted 
between circuit modules and a power supply potential to 
make it possible to cut off internal power supplies in 
the circuit modules, thereby making it possible to 
realize reductions in standby currents. 

Fig. 21 typically shows one example of the 
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semiconductor device according to the -piseeeat embodiment 
6. A master switch MSW, a power supply switch controller 

PSC, a plurality of circuit modules CMl through CMS, a 
plurality of power supply switches PSWl through PSW5 
connected between the circuit modules CMl through CMS and 
a reference potential Vss, and an address/data bus wiring 
BUS common to the respective circuit modules CMl through 
CMS are shown in Fig. 21. 

The master switch MSW is a common switch for 
controlling on/off operations of switch circuit cells SW 
connected to the circuit modules CMl through CMS. The 
operation of the master switch MSW enables control for 
switching potentials of wells for pMISs Qp and nMISs Qn 
in the respective circuit modules CMl through CMS to 
substrate bias potentials Vbp and Vbn and switching the 
potentials thereof to the power supply potential Vdd and 
the reference potential Vss. Even in the proocn - t 
embodiment 6, thosej^^that require no substrate bias 
switching^ can be easily re-designed by the method 
described iaj^each of the embodiments 1 through S. 

Also^the power supply switch controller PSC is a 
common switch for controlling on/off operations of the 
power supply switches PSWl through PSW4 . With the 
operation of the power supply switch controller PSC, the 
turning on/off of the power supply switches PSWl through 
PSW4 is controlled, thereby making it possible to perform 
control for switching between the supply of the power 
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supplies to the circuit modules CMl through CM4 and shut- 
off of their supply. Inserting the power supply switches 
PSWl through PSW4 between the circuit modules CMl through 
CM4 and the reference potential Vss respectively makes it 
possible to shut off the internal power supplies in the 
circuit modules CMl through CM4 and realize^ reduction|K in 
standby currents. 

Meanwhile, there might be such a demand that^ with 
the gonorat-ion change of a semiconductor device or the 
like, for example, it is desired to always keep active 
some circuit modules in a semiconductor chip in the case 
of the next-generation semiconductor device. Where all 
the circuits in the semiconductor device are re-designed 
here, much labor and time are required in the same manner 
as mentioned above. In such a case, the following may be 
considered, for example, ^tew, the circuit module CMS is 
illustrative of a circuit module which does not undergo 
power shut-off and that one wants to keep active. In the 
p r @.jsu^nt embodiment 6^ the power supply switch SW5 for 
supplying the power supply to the circuit module CMS is 
separated from the power supply switch controller PSC. 
Then^ a gate electrode of the power supply switch SWS is 
fixed to the power supply potential Vdd^as indicated by 
an area R. Consequently, the circuit module CMS can be 
always held in an active state. In the - prosont embodiment 
6^as mentioned above, a change of design of the 
semiconductor device can be carried out by simply 
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separating the power supply switch SW5 from the power 
supply switch controller PSC and connecting the gate 
electrode of the power supply switch PSW5 to the power 
supply potential Vdd. That is, the next-generation 
semiconductor device can easily be designed by using 
design data about the semiconductor device, having the 
power supply switches PSWl through PSW5j as it is. 

While the invention made above by the present 
inventors has been described specifically based on Sre^J^ 
illustrative embodiments, the present invention is not 



limited to "^rei^embodiments . It is needless to say that 
many changes can be made thereto within ^tej^ scope not 
departing from the substance thereof. 

For example, the wiring structure is not limited to 
fefedSjy damascene wiring structure. The wiring structure may 
be configured as a normal wiring structure obtained by 
patterning a wiring material principally made up of, for 
example , aluminum. 

While the above description has principally been 
^ nrn-ao o i L uic ' case in which the invention made by the 

present inventors is applied to feJae /v semiconductor device 
having "fete CMIS circuits, -fe^^ysemiconductor device having 



ttce^ SRAM modules, %fee|^semiconductor device having febe^ SOC 
configuration, etc., which belong to the field of 
application corresponding to the background of the ^ ^ 
invention, the present invention is not limited to^3Pt. 
The present invention can be applied even to a 
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semiconductor device having a memory circuit like, for 
example, a DRAM (Dynamic Random Access Memory) or a flash 
memory (EEPROM: Electric Erasable Programmable Read Only 
Memory) or the like. 

An advantageous effect obtained by a dL^jpiybHiiLcibivc 
onia of the inventionj[/ disclosed Js^j^ the present 
application will be explained in brief as follows: 

Some of^ wirings/y are changed in such a manner that a 
switch i^f or switching whether substrate biases should be 
applied to circuit areas that need not use substrate bias 
circuits, is made invalid, and power supply voltages are 
applied to circuit areas that need not use the substrate 
bias circuits. Thus, since substrate biases can be fixed 
without spending tim^, it is possible to shorten the 
manufacturing time of a semiconductor device. 
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